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by Harold A. Knight News Editor 


ls U. 8. A. becoming a dinosaur? ... We worry about that pin-point brain. 

. Industrial capacity 65% of the world—we’'re a colossus. ... Cart before the 
horse? High production first—higher wages second? ... Let F. C. Crawford 
re-define “Free Enterprise” for us. We hear of one contract where labor 
agrees on 15% more output. ... Pullman-Standard engineers daily improvise 
new methods and unorthodox practices because of “crazy-quilt of deliveries.” 

Metal Show was perhaps largest industrial exposition. 
castings exhibits and electronic testing displays. "Electronic bloodhound” 
drew applause.... Midgets and “quonset” hut were rival attractions... . Housing 
and feeding much improved over 1944. ASM technical papers of high 
caliber. . . . Lectures on magnesium, induction heating, stress analysis and 
corrosion. 

We smuggled 116 enemy technical periodicals into U. S.... “Magnesium is 
cheaper per unit volume than any other structural metal except iron.” 
Machining iron takes five times as many man hours as “mag”..... When Germans 
used magnesium 1: was best material—not “ersatz”. ... Tardily, we report a 
“new” uranium ruling... 
dryman-singer. 


Many prectsion- 


“World’s largest precision instrument.” Foun 
Automobiles motored by jet. 





Topsy-Turvy Period of Our Industrial History 


Sometimes we are fearful lest the 
good old U. S. A. is becoming like 
the dinosaur—a huge and powerful 
body, but a pin-point brain. About 


way. Our good friend and Wash 
ington correspondent, Paul Wooton, 
states that it is crystal clear that the 
Administration wants higher wages 
85 years ago American factory output and unchanged prices and then he 
was only 25% of the world total. By wonders if it would not be more 
1919 we had reached 40%: by 1929, logical to have no wage increases 
45%; and now we have attained 
65%. Surely we have become an in 
dustrial colossus. 


I ) 


until production is restored. If ex 
cessive profits developed they could 
be reached by taxation. And then 
Paul concludes: 

“But it is not always possible in 
a democracy to do the logical thing. 
Democracy inevitably is a compro- 
mise between logic and reality.” 


-the way our labor-manage- 
Men: relations have progressed and 
the confused, daily-changing policies 
at \’ashington make us wonder just 
how }j g the dinosaur’s brain was, any- 
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Speaking of production, at the 
start of February the Federal Reserve 
Board index stood at 140, against 164 
in December and 235 at the war 
peak. Surely this is not the glowing 
post-war situation that had been pic- 
tured from speakers’ platforms and 
with charts showing national in- 
come, production, etc.! 


Free Enterprise Is Human Nature 

One of the most pungent indus- 
trial speakers is F. C. Crawford, pres 
ident, Thompson Products, Inc., and 
executive committee chairman of the 
National Association of Manufactur- 
ers, who usually gets to the homely 
core of a matter in his economic 
analysis: 

“So much has been said about jobs 
and wages and so little about produc- 
tion that many of our people have 
lost sight of their goal. Perhaps the 
time has come to re-define the Amer- 
ican way that has led the world in 
productivity. Free enterprise is not 
a system. It is simply human nature 
left free to express itself. It is a 
composite of consumers seeking bet- 
ter products at lower prices; investors 
striving for a reasonable return; 
workers ever seeking higher wages 
and better working conditions; man- 
agement constantly striving to in 
crease the rate of production to pro- 
duce more useful things per hour 
of human labor and thus creating 
wealth to satisfy the consumer, in- 
vestor and worker. This is free en- 
terprise!” 

It was refreshing to learn the other 
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day that a labor-management con- 
tract at Eclipse-Pioneer Div., Ben- 
dix Aviation Corp., included an 
agreement on the part of the union 
to increase productivity 15%. Labor 
also made a no-strike pledge and 
management granted a 12c per hr. 
wage increase. That looks like well- 
balanced give and take! 

Typical of disorganized produc- 
tion during this strike paralyzing era 
is the case of the Pullman-Standard 
Car Mfg. Co. Let them tell their 
story: 

“With as many as 16 suppliers at 
a time stalled by strikes, the delays 
in the delivery of essential parts are 
playing hob with orthodox production 
procedures. Parts normally scheduled 
for delivery to the assembly line in 
time for the sixth position are not 
arriving until the fortieth operation 
is under way. This chaos takes the 
dexterity of the works manager, the 
superintendents and foremen who 
from day to day must improvise new 
methods and set up unorthodox prac- 
tices to obtain orderly manufactur- 
ing processes out of the crazy-quilt 
of deliveries. Acute scarcities exist 
in the glass, steel, lumber, aluminum, 
air-conditioning, air brake, roller 
bearing and upholstered furniture 
industries.” 


Biggest — But Was It the Best? 

The 1945 Metal Show (Feb. 4-8, 
1946) is now history, and sufficient 
days thereafter have passed for your 
observer to arrive at what passes 
with him for detached appraisal. 
From where we sit it was the big- 
gest, but not necessarily the best 
ever—remember, however, that this 
is just one man’s opinion and you 
can doubtless find dozens of persons 
(total attendance was reported as 50,- 
000) who rated it unequivocally as 
both the biggest and the best. 

The Exposition, which displayed 
the wares (actual or soon-to-come ) 
of more than 350 manufacturers, 
was unquestionably one of the larg- 
est (if not the largest) industrial 
exposition ever held. It filled the 
whole of the Cleveland Public Audi- 
tcrium’s main arena and labyrinthian 
underpassages, and even overflowed 
into catacombs we didn’t know ex- 
isted at all. Three full show-days 
were required for this finally weary 
reporter to tour the entire show, 
making several stops of reasonable 
duration to oh-and-ah and to chat 
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with friends at various booths. 

But it was worth it. Although the 
large steel companies still remain 
away in droves and a number of 
somewhat off-the-beam exhibitors, 
such as State Chambers of Commerce, 
industrial laundries and shoe manu- 
facturers, were in evidence, the Ex- 











Technical “Cloak-and-Dagger’”” 


We have heard much lately of 
the “cloak-and-dagger” boys who 
parachuted behind enemy lines, 
blew up bridges, organized native 
resistance groups and sent out 
valuable information. Another 
contribution of these agents of the 
Office of Strategic Services was 
the sending of German technical 
magazines to the United States. 

We had a fairly regular sub- 
scription to 116 enemy periodi- 
cals, totaling 3200 issues. These 
were placed in the hands of 
Thomas P. Fleming, now assistant 
director of Columbia University’s 
libraries, who was then chief of 
the periodical re-publication pro- 
gram of the Alien Property Cus- 
todian. 

Important articles were reprint- 
ed in German or translated into 
English perhaps, and distributed 
to restricted groups of war indus- 
tries, research organizations and 
certain libraries. It was Hitler's 
own policy to allow fairly free 
distribution of scientific data with- 
in German borders. However, 
much seeped into neutral and oc- 
cupied countries, whence it was 
obtained by the “cloak-and-dag- 
gers.” 

We Americans read quite a 
little on what the Germans had 
to say on physics and atomic fis- 
sion. When our technical mis- 
sions visited Germany they did 
not find many things unknown to 
us, after all. 























position was still full of value for 
all who came. 

To us, the outstanding feature of 
this show was the suddenly large 
number of precision-casting exhib- 
its, some of them extensive, expen- 
sive and highly interesting. The 
electronic testing displays and espe- 
cially (though not exactly “elec- 


tronic”) the supersonic reflectos pe 
were popular. The light metal booths 
(ah me, that magnesium rowboat! ) 
attracted much attention, as did the 
“electronic bloodhound” that flame. 
cut steel plate to exact shapes, dup|i- 
cating patterns traced by a photo. 
cell-guided pantograph. 

Novel and spectacular were one 
well-known furnace company’s hard- 
working midgets, and the operating 
exhibit of electropolished stainless 
steel jewelry put on by a “stainless” 
manufacturer, both of which crashed 
the local press. A stran-steel “Quon- 
set” hut was a comfortable and 
roomy testimonial to steel for mass- 
produced buildings, so good indeed, 
that we understand it was sold before 
the week was over to a nearby farmer 
for raising turkeys. We could go on 
like this for dozens of paragraphs. 

The housing and feeding arrange. 
ments, despite the record-breaking 
attendance, were much better than in 
October 1944, and one heard but few 
complaints. Most everyone who ate 
in the Auditorium’s restaurant had 
nothing but praise for its excellent 
food—and waitresses. 

For the more technically minded, 
the fare was excellent, although not 
as overwhelming (thanks be!) as in 
former years. With only one large 
society convening (A.I.MLE. did not 
collaborate in this show because of 
its own annual meeting later in the 
month, but will be back in the next 
National Metal Congress), it was 
possible for a man to attend all the 
technical sessions he wished without 
emulating all of Gaul. 

The A.S.M. technical papers were 
of high caliber, and the “round 
tables” were especially to be com- 
mended. The educational lectures on 
magnesium, induction heating, stress 
analysis and corrosion were highly 
valuable and well attended. And Dr. 
Gensamer’s Campbell lecture repre- 
sents a major step along the insuf- 
ficiently travelled road of research 
on behavior of metals under stress. 

The radiography society put on an 
active, useful and well-attended meet- 
ing. Also well-attended (and of pat- 
ticular interest to editors because the 
scribes are there the guests-of-honot ) 
were the American Gas Assn’s indus: 
trial gas breakfast and Jones & 
Laughlin’s annual party for metal- 
working editorial staffs. 

But hold your breath and save you! 
energy—the real 1946 show w: be 
along sooner than you think. [he 
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best nformation now is Atlantic 
City, catly in November. And if the 
“1945” Show wasn’t the biggest and 
best ever, the 1946 one surely will 


be! 


Magnesium: Here and in Germany 


Suppose that steel was an infant 
industry while magnesium produc- 
tion had been well established over 
the past 50 years. Can’t one imagine 
the skepticism over steel and whether 
it would ever rival magnesium? 
Pessimists would weigh disadvan- 
tages of white hot melting tempera- 
ture, refractory problems, personnel 
hazard, high density, expensive han- 
dling equipment, the rusting prob- 
lem. They would contrast these fac- 
tors with the low melting, light 
weight magnesium and conclude that 
steel would never be cheap enough 
to compete for magnesium’s place in 
the sun. 

Such was one of the many in- 
triguing ideas of Dr. J. D. Hanawale, 
lirector, metallurgical department, 
Dow Chemical Co., who spoke before 
the Engineering Society of Detroit. 
Yet magnesium is already cheaper 
per unit volume than any other 
structural metal except iron, he said. 
All of the magnesium made in the 
world to date could have been taken 
from about one-tenth of a cubic mile 
of sea water. Thus, we are depleting 
no limited resources. 

Not many years ago magnesium 
could not be cast into green sand 
molds because of burning. Then, ac- 
cidentally, sulfur as an inhibitor was 
discovered. Magnesium is less diffi- 
cut to forge in complicated shapes 
than aluminum—and is done in 
fewer steps. Certain single deep 
draws (60 to 70%) in magnesium 
would require two or more steps in 
aluminum or steel. 

Just recently a large aircraft fabri- 
cator has formed magnesium sheet 
on a drop hammer instead of a press 
t great savings in die costs. A maker 
of aircraft landing wheels says he 
would need twice as large a machine 
shop for aluminum. As to magnesium 
€ Castings, one manufacturer lists 
machining costs as 25% higher for 
duminum castings, 35% higher for 
: ind 50% higher for cast iron 

mag. 
ieers of a German automobile 
nave said that in machining 
requires five times as many 
irs as with magnesium. Using 
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special machines, “Volkswagen” en- 
gineers found it needed 2 hr. to fin- 
ish aluminum for 1 hr. for mag- 
nesium. The Douglas Aircraft Co. 
states that a finished magnesium 
I-beam is 25% cheaper, 35% stronger 
and 5% lighter than the aluminum 
beam it replaced. Another aircraft 
company found that labor costs with 
an aluminum stabilizer was $40 for 
material and $191 for labor as against 
$62 and $78 for magnesium. 

If an increase in dimensions can 
be permitted, magnesium structures 





very stable. After 15 years bare mag- 
nesium parts will have formed a 
gray adherent oxide coat and at most 
will have lost 10 to 15% of their 
strength. If painted correctly there 
will be no loss. 

Magnesium received a black eye 
during the early days of casting de- 
velopment because of corrosion due 
to flux inclusions, eliminated in pres- 
ent foundries. Again, there was too 
much indiscriminate use of acceler- 
ated salt water tests. Magnesium is 
even more resistant to sea water than 
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can be more rigid than competitors 
despite the fact that the modulus 
of “mag” is 614, of aluminum 10 
and steel, 29. Thus, magnesium is 
suitable for high-speed planes where 
aerodynamic efficiency demands ex- 
act shape of surface with no flutter. 
With the thicker sections the shell 
is stronger and does not need in- 
ternal supports. 

There is perhaps more misunder- 
standing about the corrosion stability 
of magnesium than any other prop- 
erty. This may be due to lack of 
adequate definition of exposure con- 
ditions. In average atmosphere it is 


some other metals, such as ordinary 
steel. 

A not well-known property is its 
“resilience,” or measure of ability to 
absorb impact energy elastically as 
distinguished from plastic deforma- 
tion, thus allowing it to stand more 
abuse in the serviceability range, 
with less damage by permanent de- 
formation than either aluminum or 
steel. 

Dr. Hanawalt spent considerable 
time in Germany last summer. He 
explodes the idea that Germany used 
magnesium because she lacked other 
metals. He says that magnesium had 
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to face strong competition from other 
metals, particularly aluminum. Hence, 
“mag” was used where it was the 
best material for the purpose. In 
1938 the German textile industry 
used 300,000 lb. every month, more 
than total consumption in the United 
States then. 

Magnesium production in Ger- 
many was one-tenth that of alumi- 
num. Her main production was from 
dolomite. Germany, because of the 
lack of electric power, cannot be 
called a “natural” country for either 
magnesium or aluminum. During 
the war her main production was in 
Norway and Austria. But the plant 
in Norway was bombed flat the first 
day it produced. Two plants in Aus- 
tria were bombed before completion. 

Germans used much magnesium 
for wheels, engine and transmission 
housings on trucks and busses. All 
passenger automobiles had a “mag” 
oil pump which was cost competi- 
tive through die casting and ma- 
chining. Fans, pulleys and other 
parts were of magnesium. Forgings 
were used in German aircraft. A 
very large forging was used for can- 
non mounts. There were cast artil- 
lery wheels, some 5 ft. in diam. Air- 
craft engine crankcases were used 
for 700 hp. engines and were about 
to be used up to 1400 hp. 

Before the war German allocation 
of the light metal was: Aircraft, 
40%; ordnance, 30%; industrial and 
commercial uses, 30%. 


Largest Precision Instrument 


Scientists of the California Insti- 
tute of Technology are back at work, 
come peace, completing the world’s 
largest telescope, the 200-in. lense 
installed atop Mt. Palomar in Cali- 
fornia. It will let astronomers peer 
1,000,000,000 light years into space. 

This world’s largest precision in- 
strument has a 500-ton mounting, 
supporting the 200-in. mirror and 
optical system, the entire structure 
having the proportions of a 6-story 
building. Despite its size the whole 
assembly revolves with such friction- 
less smoothness that a motor under 
Yy hp. could actuate it. 

Some ticklish engineering prob- 
lems were involved. Toughest was 
the fabricating and machining of the 
317,000 lb. horseshoe bearing on 
which the telescope rides on its tour 
of the skies. The bearing was shipped 
via three freight cars from Westing- 
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house's S. Philadelphia plant to East 
Pittsburgh, where the world’s largest 
boring mill was enlarged further to 
44 ft. diam. The bearing’s steel was 
pared off until the bearing was with- 
in five one-thousandths of an in. of 
a perfect circle. 

More trouble in the form of the 
sun's rays through the shop windows! 
Each 4 p.m. the bearing began to 
swell, sometimes as much as thirteen- 
thousandths of an in. At night it 
contracted. At length engineers built 
a “sunbonnet” around the bearing 
that reduced temperature fluctuations 
by 50%. 

Then, because the bearing must 
support a 1,000,000-lb. load, they 
had to bend it out of shape so that 
it would squeeze back to a perfect 
circle when the telescope rested on 
it. Hair-splitting tolerances were 
needed because the telescope must 
be sighted with an angle of error so 
small that at 3 miles two lines drawn 
from a single point would be only 
1 in. apart. 

The bearing will run on oil pads 
It conventional roller bearings had 
been used the friction would have 
been 600 times greater. 


A Bit Tardy with Some News 


We were cleaning out our desk 
the other day (fellow office workers, 
please note) when we ran across a 
news release from WPB, dated Aug 
16, 1944 and headed “Allocation 
Controls Over Uranium.” At the 
time we received. this, little did we 
realize its significance. Our sense of 
news values went haywire, for we 
did not deem it of sufficient impor- 
tance to publish. Give us credit, at 
least, for not throwing it into the 
wastebasket. 

The gist of the notice was that 
sales of uranium, its alloys, etc., for 
certain uses then continued to be for- 
bidden and the WPB was to hence- 
forth allocate all other sales and 
purchases in lots of 10 lb. or more. 
Any person having in his possession 
2,000 Ib. or more of any ores con- 
taining five-hundredths per cent or 
more of uranium oxide should file 
the information with WPB. 

Then it goes on to say that in 
normal times uranium, “now a Criti- 
cal metal,” is used in the manufacture 
of glass, glassware, pottery, tile and 
other ceramic products; also in the 
processing of photographic plates, 
films and papers. We wonder if that 





tile in our bathroom is radio ictiye 
and if we'll suffer the fate of th 
Japanese who did not die a: th 
original blast at Hiroshima? 


Foundryman-Singer 

Gypsy Rose Lee notwithstanding 
it is always interesting to find hidden 
talents among the great. It took 4 
Big Three meeting, for instance, to 
reveal that our own Harry S. Truman 
is a piano player, who tickled of 
some sweet ivory music in front of 
Stalin, et al. A former vice presi. 
dent and financial wizard, Charles G 
Dawes, not only played the piano but 
composed a lively ditty that is a liy. 
ing masterpiece. 

And now we see by The Foundn 
our esteemed contemporary, that none 
other than Boo-Boo Bing Crosby is 
a foundryman. Yes, sir, he is part 
owner, along with his brother, of the 
Major Aircraft Foundry Corp., Pu- 
ente, Calif. There he is, depicted in 
a photograph in front of a blueprint 
in that foundry, pointing out wit! 
pencil certain features of the drawing 

We can imagine him saying t 
brother Larry: “I'd put a chill in here 
and you'll get hard Martensite along 
the surface that will resist abrasion 
Throw out those chaplets you've been 
using and try one made of Monel 
That resists corrosion of the gases. 

Our surprise has been so great at 
this discovery that .we are in utte! 
confusion. Let’s see—didn’t Bing cas 
those “Bellis of St. Mary’s’—cast 
them in his foundry? Wasn't he cas 
for a part in the movies, too? Firs 
thing you know, he'll be more famous 
as a sandcaster than as a singer 


Automobiles Motored by Jets 

Certainly there are many specta 
ular things just around the corner! 
for jet propulsion. We were among 
a group of high temperature alloy 
people and aeronautical engineets 
the other night and they predictec 
that in 10 or 15 years the averag 
automobile will be sun by a ga 
turbine. The disc would be 3 0 
4 in. in diam., with blades about 
l in. long. This will be another step 
toward the goal of a 100-hp. engin 
weighing only 100 lb. 

The best prewar material in 
bine blades had a life of only 1\' 
hr.; the next development brough! 
life to 1000 hr., the next to 1500 
hr., and a more recent one, to 9()()0 ht 
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Modern industrial magazines must have large staffs 
of able, informed writers if they are to provide a 
steady flow of useful and interesting articles to satisfy 
the specialized technical needs of their respective 
readerships. Through the return of two of our editors 
who were on military leave-of-absence, and other 
recent additions to our staff, this magazine is now 
better equipped than ever before to provide the 
metalworking industries with alert, comprehensive 
and detailed coverage of developments in engineering 

materials and processing methods, and on a nation- 
wide basis. 

During the past few weeks we have happily wel- 
comed back to the staff two members who have been 
serving in the Armed Forces—Ilst Lt. Henry R. 
Clauser, who has been with Army Ordnance since 
july 1942; and Lt. Robert S. Burpo, Jr., who has been 
with the Navy since April 1943. They resume their 
duties as Associate Editors, with headquarters in New 

York. 

Our Engineering Editor, Kenneth Rose, will hence- 
‘orth have his headquarters in Chicago, 22 West 
Monroe Street. With this move MATERIALS & 
METHODS will be much better able to provide quicker 
overage of new technical developments originating 

n the prolific Midwest area, than we have been in 

ne past, and will also be assured of on-the- -spot edi- 


MARCH, 1946 


A Bigger Staff for Better Editorial Service 


torial representation in that region to match that 
which we have always had in the East. 

To represent us editorially in the Far West we have 
appointed E. K. Smith, for eleven years with Electro 
Metallurgical Co., later a Major in Army Ordnance 
for two years, and now a consulting metallurgist on 
the West Coast, as our Western Correspondent. His 
office will be at 205 South Crescent Drive, Beverly 
Hills, Cal. Mr. Smith, with an enviable reputation 
and acquaintance among metalworking engineers and 
metallurgists, will undertake to keep our readers in- 
formed on materials-and-methods developments origi- 
nating or interestingly applied in Far West plants. 

Herbert Chase, well-known technical writer, spe- 
cialist in the field of parts-engineering, wartime editor 
of the Government-sponsored aircraft-shop magazine 
“Wings,” and already a familiar name among our 
authors, officially joins the staff as Contributing Editor. 
This arrangement will assure our readers of the best 
possible all-around coverage of the interesting and in- 
creasingly important problems of selecting production 
methods for small parts and related topics. 

These additions are aimed to intensify and improve 
our service to you. Won't you let us know how you 
like that service—where it is weak as well as strong— 
so that we may take intelligently directed steps to 
make it even better in the future? —The Editors 
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Are You Using this Steel Guide? 


The Ryerson Stock List and Steel Data Book 
serves every department 


Detailed information on Ryerson steel—descrip- 
tions, specifications, sizes, extras, etc.—is at your 
finger tips. In addition there are many pages of 
data covering: Average physical properties, AISI- 
SAE and NE steel compositions, Ryerson steel 
identification and other useful facts and figures— 
all in the new Ryerson Stock List and Steel Data 
Book. 

It simplifies the work of every department in 
your company. With this complete steel guide, 
one order, one shipment, one invoice can often 
cover your warehouse steel needs. 

Handy, pocket size . . . punched for your 
ring binder and index tabbed for quick ref- 
erence, this book is your ready guide to steel 
specifying and buying for 1946. It is inval- 





uable to the occasional as well as the regular steel 
user. Copies have been widely distributed, but, if 
you do not have one, contact our nearest plant. 

Product information includes data on: Beams, 
Channels, Angles, Hot and Cold Finished Bars, 
Plates, Sheets, Alloy Steels, including Heat Treated 
and Special Alloys, Allegheny Stainless, Tool Steel, 
Mechanical Tubing, Boiler Tubes, Reinforcing 
Bars and Accessories, Inland 4-Way Floor Plate, 
Babbitt, Welding Rod, Bolts, Rivets, Metal Work- 
ing Machinery and Tools, etc. 

Joseph T. Ryerson & Son, Inc. Steel- 
Service Plants at: Chicago, Milwaukee, 
Detroit, St. Louis, Cincinnati, Cleveland, 
Pittsburgh, Philadelphia, Buffalo, New 
York, Boston. 





RYERSON STEEL 
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“You see, the post-war automobiles are not the 
razzle-dazzle Rube Goldberg creations of the wonder- 
ful new post-war world the dreamers had predicted. 
They have been following very closely the models of 
1941, except they have a few more pounds of chromi- 
um trim over the front bumper.” 

That was the gist of a piece in one of the retail 

sales house organs of the Chrysler Corp. a few months 
ago. 
"be wait! Perhaps that observation was a little 
premature. We ourselves saw the new automobile 
engine of Crosley Motors, Inc. at Cincinnati, made 
mostly of steel stampings brazed together. Surely 
that is something radical, and perhaps our readers will 
be riding around in those little 50 miles-per-gallon 
cars by the time this reaches print. 

Other automobile engines are being built chiefly 
of die-cast parts. That is something radical, too. Fore- 
sighted automotive engineers have been predicting 
some interesting things. One asks why must an easy- 
riding automobile average 3000 lb. in weight? Why 


Radical vs. Conservative Automobile Design 


can’t an automobile be just as easy riding at 1000 lb., 
if designed and balanced correctly and provided with 
vibration-dampeners against road shocks and move- 
ments. As one engineer expresses it, if one must have 
extreme-heavy weight for easy riding, why isn’t a 
truck easier riding than a baby carriage? 

Another knowing automotive engineer predicted 
back in war days: When a radical automobile is 
brought out it will be by some comparatively new 
and daring entrepeneur—not by the conservative old 
line companies who will be inclined to stick to time- 
tested designs. 

So it is perhaps wise to watch companies such as 
Crosley, Kaiser-Frazer, etc. Already enough rumors 
come out of Detroit and other auto centers about 
plastic bodies, fiberglas-plastic fenders, engines in the 
rear, etc., to suggest that the chances for radical de- 
partures are by no means dead. Look how jet propul- 
sion is revolutionizing the airplane. Interesting days 
are ahead for automobile design and materials! 

—H.A.K. 


Since You Went Away 


Three years is a long time to be away from one’s 
desk. A great deal has happened during that interval. 
The annual Engineering Review numbers of METALS 
AND ALLOYS and, later, MATERIALS & METHODS, 
attest to the magnitude and scope of changes in the 
fields of engineering materials and processing methods. 

Alloys for high temperature service, plastic mate- 
rials, new substitute materials, new processing meth- 
ods, new and better finishes and finishing processes 
have been introduced and become commonplace. 
Many manufacturers have learned to produce large 
numbers of war-necessary parts to rigid specifications 
and dimensions so that they are interchangeable with 
like parts made by other manufacturers. 

Prewar thinking in this line is mirrored by a cur- 
rent advertisement for a popular brand of fountain 
pens which bears the legend “Why pens can 
never be ‘mass produced’. .... ” Then this ad goes 
’N tO state that the component parts of the pen are 
tormed to dimensions having maximum tolerances 
of plus or minus 0.001 in. It is too bad that these 

advertising people have not yet learned about the 

hundreds of factories turning out parts for bomb- 
sights, aircraft superchargers, aviation engines, ma- 
hine tools and gun parts—millions of these have 
een made having the aforementioned (0.001 in.) 
narrower tolerances. One of the most important 
ir-taught lessons was the mass production of inter- 
angeable parts to very close tolerances and with 
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very accurate control of surface finish. 

Yes, there have been great and far-reaching im- 
provements and changes in both materials and proc- 
esses “since you went away.” 

But what about the field of human relations? Can 
we get along with our employees or our employers? 
Have relations between United States citizens of 
different colors and creeds improved? 

To return to civilian life and find people attempting 
to legislate tolerance and understanding (by means 
of such devices as various antidiscrimination bills) 
is a sad commentary on our civilization. The art of 
human understanding, the field of human relations, 
seems to have deteriorated rather than improved. 

Friction, intolerance and bad faith between groups 
cannot be banished by legislation. Both parties to 
such controversies must each build up in the minds 
of the other confidence, trust and mutual respect. 
One is tempted to ask—have certain minority groups, 
certain labor unions, certain employer organizations, 
certain religious groups conducted themselves so as 
to inspire confidence, trust and respect on the part 
of others? 

Our strides in the field of materials and process 
engineering have been stupendous during the war 
years; the field of human relations (some people 
prefer to call it “human engineering”) lags far, far 
behind in development. 

—RS.B., JR. 
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Is Only Part of Our Service 


Cooperating to get the ultimate in ductility, hardness or a special balance of these 
properties for a specific purpose; or aiding in the solution of a perplexing problem of 
fabrication which might otherwise prove costly, is also part of Inland service. 

From broad contacts with users in many fields our engineers and metallurgists can 
often furnish or suggest the answers to puzzling situations. Or our research laborato- 
ries, while constantly seeking new and better steels, may have already developed the 


exact type of sheet. plate or other steel product that will meet your requirements. 


No matter how difficult or exacting the specifications, you can always depend on the 
closest cooperation and teamwork from Inland. Our staff of specialists backed by 
modern plants operating under rigid standards and efficient scheduling, assure proces- 
sors, fabricators and users the greatest dependability from steel. 

Inland Steel Co., 38 S. Dearborn St., Chicago 3, Ill., Sales Offices: Cincinnati, Detroit, 
Indianapolis, Kansas City, Milwaukee, New York, St. Paul, St. Louis. 

PRINCIPAL PRODUCTS: BARS «+ STRUCTURALS « PLATES « SHEETS * 
STRIP « TIN PLATE « FLOOR PLATE « PILING * REINFORCING BARS ° 
RAILS « TRACK ACCESSORIES. 
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Research—Bottleneck of Our Future 


an Editorial 


We are not a research journal. But the industries 
we serve and more particularly the engineers to 
whom we cater therein depend for their future 
growth and prosperity, their future materials, 
processes and products on the results of today’s 
scientific and technical research. And the future 
position of this country as an international eco- 
nomic or military power (which is another way of 
saying our future existence) is a direct function 
of the state of technical advancement of the met- 
alworking industries—the industries that make, 
among other things, atomic-energy materials, 
electronic equipment, aircraft and production 
machinery. 

For these reasons we, in company with many 
others, are genuinely concerned about the pres- 
ent-day paucity of research personnel and the 
general “so what?” attitude toward a National 
fundamental-research program. The “paucity” is 
not of experienced older research workers and 
directors, but rather of young, college-trained 
scientists and technicians who will be the re- 
search leaders of the future. This scarcity, bor- 
dering on an absence, of young scientists can be 
blamed directly and exclusively on our tragically 
shortsighted wartime Selective Service and man- 
power policies. No other international power 
was so blind to its own national interest during 
the war as was America in virtually forcing its 
colleges to discontinue regular graduate and 
post-graduate work in the fundamental sciences 
and to abandon their own basic research pro- 
grams. Russia and Germany carefully provided 
for continuance of both fundamental research 
and college training of scientists at a rate at 
least equal to pre-war levels, while England and 
even France arranged to keep a substantial 
number of future research workers studying in 
their colleges. 

The case of Russia is particularly challenging. 
According to all reports and because of the 
Soviet's wartime maintenance of research and of 


research training, that country is emerging as a 
new power in international science and, if the 
present trend continues, may soon topple the 
United States from our present position as the 
World's technological leader. Such a develop- 
ment might have serious, even disastrous, impli- 
cations for us. But even if we forget any com- 
petitive situation vis-a-vis Russia, the latter's wis- 
dom in insuring its future technological progress 
still reveals by contrast our own foolhardiness. 

What can we now do to remedy this situation? 
Obviously we cannot immediately fill the present 
gaps in our ranks caused by our wartime errors. 
But we can redouble our efforts to catch up as 
rapidly as possible and then to place this coun- 
try on an entirely new basis, scientifically speak- 
ing, to assure our continuing leadership in this 
technological world. Specifically: 

(1) We can make the rewards and compensa- 
tion for research work more substantial than they 
have been in the past, so that able investigators 
and technicians will not be forced to turn reluc- 
tantly into more remunerative fields; 

(2) Industry—either as individual companies 
or cooperatively—can provide wholesale finan- 
cial support of fundamental research in the basic 
sciences of various industrial fields, either by 
large grants to existing institutions or by estab- 
lishing new research institutes just for this pur 
pose; and 

(3) All of us should support the Bush plan as 
embodied in pending legislation for Federal sup- 
port and subsidization of fundamental research 
on a National scale. Such a program does not 


mean the Government “takes over” research; it 
merely sets the Government up as one of the 
groups financially fostering a research program 
with its own long-term interest at heart. 

America will be a “has-been” in 1970 if we 
don't break the research bottleneck confronting 
us in 1946! 


FRED P. PETERS 
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The Panel of Judges 
for the 


1946 MATERIALS & METHODS 
ACHIEVEMENT AWARD COMPETITION 


A distinguished list of outstanding engineers has accepted the invitation of the 
Reinhold Publishing Corp. to serve as judges in the 1946 Achievement Award 
Competition. 


These engineers, all leaders in their chosen fields of activity, are eminently- qualified 
to judge such a competition as MATERIALS & METHODS is sponsoring. 

The judges and their affiliations are: 

DAVID BASCH, Almin Ltd., (Britain) , Schenectady, N. Y. 

O. W. BOSTON, Chairman, Department of Metal Processing, University of 
Michigan, Ann Arbor 

J. B. JOHNSON, Chief, Materials Laboratory, ATSC, Wright Field, Dayton, Ohio 

R. H. MCCARROLL, Director of Engineering, Ford Motor Co., Detroit, Mich. 

CHARLES W. PARKER, Secretary, Committee on Manufacturing Problems, 
American Iron and Steel Institute, New York 

R. A. WILKINS, Vice President, Revere ‘Copper & Brass Inc., Rome, N. Y. 

CLYDE WILLIAMS, Director, Battelle Memorial Institute, Columbus, Ohio 


Fred P. Peters, Editor-in-Chief, MATERIALS & 
METHODS, will serve as non-voting Secretary 


The subject and conditions of the 1946 Achievement Award Competition were 
announced in the January 1946 issue of MATERIALS & METHODS. This year's 
award is to be made to the company, group of individuals or individual judged to 
have attained the greatest achievement in applying war-born knowledge of materials 
and their processing to the manufacture of peacetime products. 

Entries are to be received through June 30, 1946, and the award made during 
the week of the National Metal Congress. 






Clyde Williams 











magnesium alloy. 


Production Principles 
for Deep Drawn 
Magnesium Parts 


by RALPH G. GILLESPIE, Brooks & Perkins 


URING THE WAR it became necessary to decrease 
to an absolute minimum, without undue loss of 
strength or functional requirements the weight of 

all aircraft components and airborne equipment. This 
led to an unprecedented increase in the use of mag- 
nesium sand castings, die castings, extrusions and 
formed and deep drawn sheet magnesium parts. 

Many manufacturers quickly saw the advantages of 
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Fig. 1—This part, difficult to 
draw in aluminum alloys, was 
formed in one operation from 


using deep drawn sheet magnesium for numerous 
civilian products. Adding machines, typewriters, and 
radios can be made with drawn magnesium cases. 
Other logical applications are housings for portable 
tools, cameras, vacuum cleaners and washing ma- 
chines, and filing cabinets, luggage, tool boxes, milk 
bottle crates, bread delivery crates, baby buggies, 
wheelbarrows, children’s toys, medical and X-ray 
equipment, and movie projectors. Wherever weight re- 
duction is necessary, magnesium should be considered. 

Although magnesium is the easiest of commercial 
metals to machine, it is very difficult to form or cold 
work at room temperatures. In this respect it resem- 
bles zinc. Magnesium, like zinc, has a hexagonal 
crystal structure. When drawing any metal the flow 
of the metal is on “slip planes.” So, the drawability 
of a metal depends largely upon the number of these 
planes available for slip. Magnesium alloys, being 
made up of close packed hexagonal crystals, possesses 



































fewer slip planes than other metals such as copper 
and aluminum. This in turn causes the metal to very 
quickly crack or break by becoming overworked. At 
temperatures up to 400 F magnesium has only one 
set of slip planes. At a temperature of 400 to 450 F 
the pyramidal planes become active, and in the tem- 
perature range of approximately 450 to 650 F it is 
possible to do in a single draw what would require 
up to three drawing operations in any of the cubic 
crystal systems, such as steel, brass, or aluminum. 

Although the price per pound of rolled sheet may- 
nesium alloys is somewhat higher than that of other 
metals, the difference in weight together with lower 
fabrication cost for deep drawn parts, where one draw 
is substituted for two or three draws with intermediate 
anneals when other metals are used, brings magnesium 
into a favorable position in regard to price. 

Deep drawing of magnesium does, however, present 
numerous problems and it can be successfully done 
only (1) when the die, punch, and blank are at the 
proper temperature; (2) when a suitable lubricant 
is used on the blank and on the die; and (3) when 
the press pressures and speeds are properly regulated. 
There are also special considerations in die design 
for deep drawing magnesium. 


Part Design 


In general, any design which can be drawn from 
sheet steel, sheet aluminum, or sheet copper or brass, 
can be successfully drawn from magnesium. In fact, 
some parts which either cannot at present be com- 








pletely drawn or would be extremely difficult to draw 
from other metals can be drawn from magnesium. 
The gun fairing shown in an accompanying illustra- 
tion is an example of a part which was found to 
present excessively dificult problems using aluminum 
alloys, but which was easily drawn in one operation 
from magnesium alloy. The same is true of the top 
corners (roof corners) of large buses which have in 
the past been partly drawn from sheet steel then fin- 
ished by power hammering to shape. They can be 
completely drawn in one operation from magnesium 
alloy, with a significant reduction in labor cost. 
Hemisphere or cylindrical shapes have been drawn 
to a depth of about two times the diameter in one 
draw. Rectangular box shapes have been drawn to 
a maximum depth of 1% to 134 times the narrow 
width in a single draw. This may not be the ultimate 
limit but at present represents the approximate limits 
which are commercially feasible, using one draw. 
Of course, the size of the corner and bottom radii 
are also determining factors in regard to depth of 
draw. Box shapes should be designed with corner 
and bottom radii larger than three times the thickness 
of the sheet. This generalization, however, is subject 
to sO many exceptions that it is not a very valuable 
guide. How low we can go in the size of radii is one 
thing that no one yet knows. Careful control of other 
conditions may make it possible to go to limits not 
now even considered. At present, we prefer inside 
corner radii of 12 in. or more, and we have gone 
somewhat under 1% in. on bottom corners. Several 
designs of radar computor cases were made during 
the war, with 11/64-in. inside radius at the bottom. 
Such a case is illustrated. The case and cover were 
each made as a single draw, after which the holes 
were blanked. A str# of thin sheet magnesium was 
spot welded at the top of the box (inside) to form 
the flange for the cover. Then the threaded tubes 
and clips were welded in by heliarc welding. The 
finish is a dull black inside and a black crackle finish 





Fig. 2—The case and cover shown were each Fig. 3—By being made from magnesium alloy, this case 
made as a single draw, after which the holes was formed in one draw, rather than from welded sheet 


were blanked. 


as was previously necessary. 
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on all outside surfaces. Both finishes are baked-on. 

A large radar computor case, was 26 in. long by 
16% in. wide, drawn to a depth of 11 in. The mate- 
rial is 0.064-in. thick. One side of the case has a 
45-deg. inclined surface starting 512 in. from the 
top edge. Cut-out sections were routed after drawing. 
Before being made from magnesium alloy by a single 
draw, this part was made from sheet aluminum, with 
welded construction. 

Another illustration shows a dorsal fin used on the 
Republic P-47 Thunderbolt. Both the untrimmed fin 
as drawn and the trimmed fin are shown. Although 
the untrimmed fin is in excess of 61 in. in depth, it is 
so light in weight that a girl can hold it with little 
or no effort. The material is 0.040-in. thick and the 
radius at the bottom of the drawn crease is only 4 
in. 


Drawing Dies 

Drawing dies for magnesium are usually made en- 
tirely of mild steel. However, the punch can also be 
made of cast iron, aluminum, or magnesium. Tool 
steel is often used for the draw rings and pressure 
pads, although because of its higher cost, use of tool 
steel is not justified except for high production dies. 
Surface hardening of the dies by nitriding, or adding 
a hard chromium plate can help to diminish pick-up, 
which is sometimes a serious problem, although at 
present dies are not usually so treated and pick-up is 
controlled by lubrication of both blank and die. 

The design of drawing dies for magnesium is much 
the same as for other metals. The differences are those 
which are involved-in the necessity for heating the 
die, and for providing for the differences in coefficient 
of expansion of the heated die and the heated mag- 
nesium. It can be readily understood that because of 
these factors the amount of clearance must be care- 
fully calculated and the temperature at which a given 
die is operated must be controlled within reasonably 
close limits. Steel expands about 13 as much as mag- 
nesium for the same temperature rise. For this reason 
steel dies must be made somewhat oversize. All steel 
die dimensions should be multiplied by a factor of 
1.0040 if the drawing temperature is 600 F. Clear- 
ances between the male punch and the female die 
should never be less than the metal thickness and in 
the case of deep draws should be somewhat more than 
metal thickness, as the compression causes a thicken- 
ing of the metal during drawing. For deep draws the 
learance should equal about 0.30 times the metal 
hickness being drawn, plus the thickness of the blank. 

The thickness of plates used for draw rings and 

ressure pads should be sufficient to avoid danger of 

stortion when heat is applied. For this reason, plate 
ss than 1.5-in. thick is not used. The radius of the 


iraw ring affects the drawability of metal. Magnesium 
heet has been drawn with draw ring radii from 4 to 


os 


times the sheet thickness but for most deep draws, 































Fig. 4—Dorsal fin for Republic P-47 Thunderbolt. Its 
lightness is demonstrated by the ease with which the girl 


holds it. 


best results are obtained if this is held to a minimum 
of eight times the thickness of the sheet. The use of 
too small a radius increases drawing resistance and 
limits the depth of the draw. On the other hand, if 
too large a radius is used, there is a greater tendency 
to pucker the metal during drawing. 

The pressure imparted to the blank by the pressure 
pad must be closely controlled. Sufficient pressure 
should be used to prevent wrinkling, but if too much 
pressure is used, the sheet cannot be drawn between 
the clamping surfaces. This will result in rupture, or 
at least thinning of the drawn part. Clamping pres- 
sure is usually determined and adjusted experiment- 
ally during die tryouts. 

Dies may be heated by using either electric strip 
heaters or open gas flame. Gas heating has been the 
most commonly used method, although the trend 
now is toward increasing use of electric heating. For 
gas heating the burner usually consists of a standard 
%4- to 114-in. pipe with one or two rows of No. 40 
holes on 14- or 34-in. centers. If two rows are used, 
the rows are usually spaced about 34 in. apart. The 
pipe can be bent to shape to be used under the die 
between the punch and die (removable pipe) or 
around the edge of the die ring. Wherever it is 
possible to do so, we favor a fixed installation of such 
heaters around the outside of the die ring. However, 

















Fig. 5—A group of typical parts drawn from magnesium alloy. 


the location of heaters would necessarily vary with 
differing heating requirements for various types of 
draw. It is always desirable and usually necessary to 
have the heaters, whether gas or electric, thermostat- 
ically controlled. In this way it is possible to control 
die temperatures to within +5 F. 


Temperatures 


Annealed blanks can be drawn at temperatures 
varying from 400 to 650 F (or even 700 F if alloy 
MA is used). Alloys having low melting point con- 
stituents should be kept at 600 F or less. Hard rolled 
metal such as M-h and JS-1h must be drawn at lower 
temperature (about 400 F). 

FS-1h starts to anneal at about 300 F. These alloys 
in the hard condition are usually where strength is 
the important consideration, and any drawing tem- 
perature at or in excess of the recrystallization tem- 
perature will anneal the metal and result in a loss of 
yield and tensile strength. This, of course, limits the 
depth and severity of the draw possible with such 
metal. 

When deep drawing annealed blanks it is possible 
to control thickness of the finished part somewhat by 
closely controlling the drawing temperature. For 
instance, if a part is found to be slightly over the 
limits of tolerance when drawn at 550 F, an increase 
in temperature to 600 F or more will result in greater 
shrinkage of the part upon cooling and in more 
expansion of the dies at drawing temperature. This 
will result in a decreased finished part dimension and 
will bring it within the desired limits. The wall thick- 
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ness at the sides and bottom of the drawn part can 
be maintained and thinning of the section prevented 
by using a hot blank and die with a cooled punch. 
Using a cooled punch permits the hot plastic metal to 
be drawn over the draw ring radius but to be cooled 
by the punch, which also increases its tensile strength. 


Lubricants 

Temperatures involved in drawing immediately 
rules out the possibility of using ordinary oils or 
greases as lubricants for either the die or the blank. 
The best lubricant for blanks so far used for deep 
drawing of magnesium alloys consists of a small 
particle colloidal graphite dispersion in lactol spirits 
(a low boiling point naphtha). This is sprayed on 
the blank before the blank is heated. The lactol 
spirits evaporate quickly leaving a film of graphite. 
The die is lubricated by applying a mixture of graph- 
ite in tallow. The only objection to this type of lubri- 
cant is the difficulty encountered in removing the 
graphite from the formed part. Cleaning is accom- 
plished by dipping in a chromic and nitric acid solu- 
tion which does not affect the graphite but which 
etches the metal slightly and loosens the graphite film. 
At best a certain amount of hand cleaning is involved 
Fabricators are experimenting with various lubricants 
and it is hoped that a material will be found which 
can be more easily removed without sacrifice of the 
advantages of the graphite lubricant. 

For shallow draws at temperatures of 525 F ot 
lower we have found aluminum forging oil to b 
quite satisfactory and to be easily removed from the 
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work. This oil is applied to the die ring once every 
10 to 20 blanks and no lubricant is applied to the 
blank. 


Pressures and Speeds 


The pressures and speeds which can or should be 
used to deep draw any part are usually finally deter- 
mined by try-out. The highest pressure that can be 
used is the pressure which will rupture the blank. 
Since work hardening depends on the velocity of 
deformation at a given temperature, the optimum 
drawing speeds can be determined by actual trial. 
Magnesium “can be severely drawn by working at an 
elevated temperature and at a critical speed coincident 
with its recrystailization rate” according to Forming 
and Drawing Revere Magnesium Alloys. 

It has also been observed by fabricators of magne- 
sium alloy that increasing the speed of drawing at a 
given high temperature produces an increase in ten- 
sile strength. 


Choice of Alloy 


Magnesium alloys, obtainable in sheet form and 
now most commonly used for drawing, are M, FS-1, 
and JS-1. Alloy M is magnesium with 1.5% man- 
ganese. It is the lowest in price and has the best deep 
drawing characteristics. It can be welded easily by 
either gas or arc methods. The thermal and electrical 
conductivity of M alloy is higher than of FS-1 or JS-i, 
but mechanical properties are lower. 

Alloy FS-1 is magnesium with 3.0% aluminum, 
1.0 zinc and 0.2 min. manganese. Alloy FS-1 has 
slightly poorer deep drawing qualities than M, but 
has superior forming qualities. Weldability is some- 
what less but mechanical properties are higher than 
M and only slightly lower than JS-1. 

Alloy JS-1 is magnesium with 5.0% aluminum, 
1.0 zinc and 0.15 min. manganese. This alloy offers 
the highest mechanical properties combined with 
excellent welding characteristics. Its drawing and 
forming qualities are not so good as either M or FS-1. 

Where price is important and high strength is not 
required alloy M should be used. If higher strength 
is required and very little welding is to be done, FS-1 
should be considered. If maximum mechanical prop- 
erties are desired and the draw is not deep, JS-1 should 
be used. 


Finishing 

As higher purity wrought alloys have become avail- 
able corrosion is not the serious problem it once was. 
Magnesium alloy is more resistant to atmospheric 
orrosion than is ordinary iron or steel. However, 
when in contact with other metals galvanic corrosion 
can be serious. Most drawn magnesium parts are used 


in the pickled and painted condition or in the ano- 
dized condition. 
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The chromic acid pickle treatment furnishes an 
excellent surface for primers, paints, lacquers, and 
enamels. The anodize treatments developed by Dow 
Chemical Company (Dow Treatment No. 12), and 
by Consolidated-Vultee Aircraft Corporation (Mano- 
dyze Process) are very effective in producing an all- 
around protective coating on magnesium alloys. Ano- 
dized metal can be dyed almost any color desired. 
Inasmuch as the coating is alkaline, it is not a satis- 
factory paint base unless after anodizing the parts are 
carefully processed to neutralize any free sodium ions 
and to give a slightly acid surface. 

There is no limit to the number and types of paint, 
enamel, and lacquer finishes which adhere well to 
magnesium alloy. The black or grey crackle finishes 
are attractive and widely used. Plastic finishes in any 
color are possible using urea formaldehyde, phenol 
formaldehyde, or alkyd resin compositions. 





A B 


Fig. 6—In these two views of an oxygen bottle A 

shown wrinkling because of insufficient pressure on 

the pressure pad; B shows tearing of the metal due 
to too much pressure on the pad. 





a B 


Fig. 7—Wall thickness is uniform in A through use 
of a cooled punch, while B shows thinning of the 
wall from using a hot punch. 
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Radiography with Multimillion-Volt X-Rays 


by H.R. CLAUSER, Associate Editor, MATERIALS & METHODS 


field of radiography during the war years has been 

the development of X-ray equipment to produce 
X-rays with energies above one million volts. This 
development not only makes possible improvement of 
established applications of radiography for materials 
inspection, but is also creating entirely new uses and 
introducing many additional possibilities for radiog- 
raphy. 

This article is intended to survey the developments 
made in multimillion-volt radiography during ap- 
proximately the past five years. 

Multimillion-volt X-rays in this article refer to 
the X-rays generated by electrons striking the X-ray 
producing target with energies above one million 
electron volts. There are, at present, several different 
methods by which these high energy X-rays are pro- 
duced. One method uses the electromagnetic generat- 
ing principle for accelerating electrons and incor- 
porates low frequency resonance transformer appa- 
ratus of a design similar to that used for producing 
one million volt X-rays. This method is limited to 
the production of X-rays up to two million volts. 
Another method, employing the electrostatic gener- 
ator principle, developed by Van de Graaff of the 
Massachusetts Institute of Technology, is also capable 
of producing two million volt X-rays. A third method 
of producing high energy X-rays—and the most prom- 
ising one—is by the acceleration of electrons by means 
of magnetic induction. This method has made pos- 
sible the production of X-rays with energies up to 
100 million electron volts. 


Te MOST SIGNIFICANT ACCOMPLISHMENT in the 


The Induction Electron Accelerator 


The first attempts to use the magnetic induction 
principle for producing high voltage X-rays were 
made in the 1920's by Wideroe’, by Walton? and later 
by Steenbeck*. In 1940 D. W. Kerst*° completed 
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the first successful electron accelerator at the Uni- 
versity of Illinois; it produced an X-ray beam of 2.3 
million electron volts. He named this instrument the 
“Betatron.” Dr. Kerst secured a leave of absence to 
work with the General Electric Co. on the develop- 
ment of a 20-million volt betatron. Upon successful 
completion of this larger accelerator it was taken to 
the University of Illinois and Dr. Kerst returned there 
to continue his investigations and to- supervise the 
construction of additional betatrons by the Allis- 
Chalmers Mfg. Co. Subsequent to the development 
of the 20-million volt betatron a 100-million volt 
electron accelerator was constructed by General Elec- 
tric Co. under the direction of W. F. Westendorp and 
E. E. Charlton®. 

The equipment consists of two major parts—an 
electromagnet and the doughnut-shaped vacuum tube. 
The vacuum tube is located between the circular pole 
faces of the electromagnet, 

To produce X-rays in the induction electron ac- 
celerator, or betatron, electrons are shot into a cir- 
cular, doughnut-shaped vacuum tube and are caused, 
by a magnetic field, to describe a circular path. The 
electrons are continually accelerated around this path 
in the vacuum tube until they have acquired the de- 
sired velocity, when their orbit is expanded by mag- 
netic means and strikes an X-ray producing target. 

The induction electron accelerators employ an ex- 
ceedingly small focal spot usually no larger than 0.01 
in. The intensity of the X-rays generated depends 
upon the characteristics of the equipment and the 
voltage at which it is operated. With the 100-million 
volt equipment the intensity at 100 million volts can 
be as high as 2600 roentgens per min. at one meter, 
but when operating at 20 million volts it drops to 
180 roentgens. The intensity of the 20-million volt 
betatron is something in excess of 25 roentgens per 
min. at one meter. 

The half value width of the X-ray beam produced 
in the induction electron accelerator equipment is 5 
to 6 deg. at 20 million volts and only 2 deg. at 100 
million volts. The half value width refers to the angle 
measured from the center of the beam to the point 
where the X-ray intensity decreases one-half. Thus, 
at 20. million volts the effective cone of radiation 
would be 10 to 12 deg. This means, for example, 
that at a working distance of 10 ft. from the focal 
spot to the film an area 22 in. sq. could be X-rayed 
with one exposure. 
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The two electromagnets, be- 
tween which is located a 
doughnut-shaped X-ray tube, 
are located in the center of this 
100-million-volt electron ac- 
celerator. 


At the present time electron accelerators are in the 
engineering development stage and before they re- 
ceive wide industrial application for metal inspection 
they will have to be made more mobile and developed 
to a point where they can be easily maintained and 
operated by industrial technicians. 


Two-Million Volt X-ray Equipment 

The 2-million volt X-ray equipment’, produced 
by the General Electric Co., is designed'on the same 
principle as their one-million volt industrial appa- 
ratus. A multisection X-ray tube fits inside a low- 
frequency resonance transformer; both of the elements 
are mounted in a steel tank containing freon gas as 
in insulating ‘medium. The tube has 24 sections of 
molded borosilicate glass tubing joined to fernico 
rings and is vacuum sealed. The electrons are emitted 
by a heated filament at one end of the tube. The high 
voltage is provided by the resonance transformer 
which accelerates the electrons in stages of 83,500 v. 
until they have the desired energy. Then they strike 
a tungsten target producing X-rays. 

A magnetic focusing coil is utilized to control the 
focal spot size of the electron beam on the target. 
Without the magnetic focusing, the focal spot is 
about 0.8 in. in dia.; for industrial applications this 
is reduced as far as possible, usually to between 0.10 
and 0.35 in. This cannot compare in size to the fine 
focal spot obtainable with electron accelerator and 
electrostatic generator type equipment. The 2-million 
volt unit is capable of X-ray intensities of around 200 
roentgens per min. at one meter. The unit is 8 fet. 
long and 5 ft. in dia. and weighs 5000 Ib. It is mounted 
so that it is mobile and can be positioned at any 
desired angle. 

Another tube design capable of producing 2-million 
volt X-rays, developed by the Machlett Laboratories 
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Inc., is operated with an electrostatic generator which 
produces the required potentiail*. The constant ac- 
celerating field over the length of the tube is provided 
by 180 sections which accelerate the electrons uni- 
formly in stages of 12,000 v. The sealed off tube is 
10 ft. long with a target of gold 1% in. in dia. and 
4 in. thick. The focal spot is maintained at a few 
thousandths of an in. by allowing the X-ray producing 
electrons to pass through a magnetic field lens which 
concentrates them to a fine spot on the target. The 
tube is employed with an electrostatic generator under 
several hundred pounds air pressure to provide the 
necessary insulating medium. 

In electrostatic generators, of the Van de Graaf 
type® 1°, electric charges from a generator are trans- 
mitted on a moving insulating belt to a metal high- 
voltage collector where the charges pile up; the po- 
tential thus accumulated is applied to one terminal 
of the X-ray tube. With electrostatic generator ap- 
paratus the focal spot size is comparable to that of 
induction electron accelerators being of the order of 
0.01 in. The X-ray intensities may be as high as 60 
roentgens per min. at one meter. 


Penetrating Power of Supervoltage X-rays 


The work that has already been conducted to in- 
vestigate the ability of high energy X-rays to pene- 
trate metal has revealed that the penetrating power 
through steel increases up to energy levels of around 
10 million v. Above this voltage the rays begin to 
decrease in their ability to penetrate. Around 25 
million v. the penetrating power again begins to in- 
crease very slowly until at about 50 million v. and 
above there seems to be no appreciable change. It 
should be noted that even though the penetrating 
power decreases above 10 million v. it is still advan- 
tageous to seek higher voltages from the length-of- 
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The increased clarity of multimillion-volt X-rays is shown 1m 
this radiograph of a German military periscope made with 
2-million-volt X-rays. 


exposure standpoint. As the voltage is increased the 
output of X-rays, or the intensity, increases thus mak- 
ing for shorter exposures. 

There is some evidence that radiography of metal 
with X-rays above 40 million volts will not be prac- 
ticable. Above this voltage undesirable tertiary rays 
are produced. These rays are even more penetrating 
than the primary beam, cause film fog, and thus tend 
to obliterate the true radiographic image. 

With the tremendous increase in penetrating power 
it is possible to examine the interior of steel specimens 
as thick as 18 or 20 in. in a matter of minutes. One 
million volt equipment, formerly the highest voltage 
X-ray equipment produced for practical radiography, 
is limited to 7 in. of steel. With the 20-million volt 
betatron a 13 in. specimen can be X-rayed in 15 min. 
without the benefit of fluorescent screens. An auto- 
mobile engine, in which there are some 7 in. sections 
can be radiographed in 244 min. Using 2-million 
volt equipment of the resonance transformer type, it 
is possible to X-ray 12 in. sections with an exposure 
of 2 hr. and 8-in. thicknesses in 31/2 min. 


Improved Sensitivity with Supervoltage X-rays 


One of the most important requirements of the 
radiographic process in the examination of materials 
is that it reveals clearly minute discontinuities. The 
measure of the ability of a radiograph to reveal ac- 
curately differences of density and thickness in the 
material being examined is termed sensitivity. Sensi- 
tivity is expressed as the ratio of the thickness of the 
smallest detectable defect visible on the radiograph 
to the thickness of the metal penetrated by the radia- 
tion, expressed in percentage. 

Improved sensitivity is always being sought since 
the better the ability to reveal flaws the more valuable 
is this inspection tool. In ordinary radiography the 
sensitivity becomes poorer with increasing thickness, 
the best sensitivities achieved being around 1.0 to 
2.0%. Besides this, a defect occurring in the material 
far from the recording film will not be recorded as 
clearly as the same size defect located very close to 
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the film. For example, a radiograph having a sensi. 
tivity of 2.0% would reveal a defect 0.02-in. thick 
occurring in a l-in. plate. Furthermore, the clarity of 
defect-image visible in the 1-in. plate radiograph 
would be much less if the defect occurred near the 
surface furtherest from the film than if it were |o. 
cated near the surface adjacent to the film. 

In multimillion-volt radiography the characteristics 
of sensitivity are not the same as those for low- 
voltage X-rays described above. The phenomenon of 
“absolute” sensitivity is approached. Absolute sen- 
sitivity means that the sensitivity is independent of 
the thickness being X-rayed. The sensitivity does not 
become worse with increasing thickness as in low- 
voltage radiography; that is, a given minute defect 
will be visible on a radiograph regardless of the total 
thickness involved. For example, a 1/32-in. defect 
in a 2-in. plate and a 16-in. plate will be revealed on 
a radiograph with the same clarity. Furthermore, the 
sharpness of the defect image on the radiograph is 
not affected by the distance of the defect from the 
recording film. 

Absolute sensitivity, although not achieved entirely, 
is progressively approached with the use of X-rays 
produced with energies beginning above one million 
volts. The characteristics which make the approach 
of absolute sensitivity a practical possibility are the 
reduction of secondary radiation and the use of an 
extremely small focal spot. Each of these is taken up 
in detail below. 

Reduction of Secondary Radiation—One of the 
most bothersome problems encountered in radiog- 
raphy is secondary radiation. Most of this undesirable 
radiation is produced when the primary beam, upon 
leaving the tube, strikes the material being X-rayed. 
The secondary radiations thus set up proceed in vari- 
ous directions and many strike the film at an angle 
different from that of the primary beam. The result 
is that the contrast of the radiograph is lowered and 
the images of defects may be fuzzy instead of sharp 
and well defined. On radiographs produced with low- 
voltage X-rays a very large part of the film density 
is a result of secondary radiation. This “secondary 
density” makes up as high as 60 to 80% of the total 
density. 

In multimillion-volt radiography the problem of 
secondary radiation is practically eliminated. One of 
the characteristics of these high energy X-tays is 
that the amount of secondary radiation decreases with 
increasing voltage. Through 4 in. of steel only about 
15% of the film density is due to secondary radiation 
when radiographed with 20-million v. X-rays, and 
around 40% with 10 million v. X-rays. 

Another form of secondary radiation, known as 
back-scatter, coming from the walls or other objects 
in the vicinity of the specimen being X-rayed, also 
reduces the quality of the radiograph. In low voltage 
work where there are large amounts of back-scatter. 


MATERIALS & METHODS 

















lead shielding, sometimes as thick as % in., must be 
placed back of the film. With high energy X-rays 
no such lead-backing is required because the back- 
scatter is negligible. Furthermore, when irregular ob- 
jects are X-rayed, no lead blocking around the out- 
lines is necessary as it is when lower voltage equip- 
ment is used. By the elimination of shielding and 
blocking the set-up time for X-raying intricate metal 
shapes is greatly reduced and irregular forms which 
could not be X-rayed practically because of the block- 
ing or shielding required can be radiographed success- 
fully with multimillion-volte X-rays. 

Definition—The sharpness, or definition of detail, 
of images on radiographs depends to a large extent on 
the focal spot size. The finer the spot from which 
the X-rays-emanate the more distinct on the radio- 
graph will be the flaws revealed. The focal spot in 
electron accelerator equipment is a minute point, 
generally no larger than 0.01 in. In low-voltage equip- 
ment focal spots as large as 0.03 to 0.40 in. are used. 

Because of the tiny focal spot (in addition to the 
negligible secondary radiation) the images of flaws 
distant from the film—as is often the case in thick- 
section radiography—are recorded clearly. Fufrther- 
more, it is possible to back the film away from the 
specimen without any loss of definition of detail. 
This is a desirable advantage when a magnified pic- 
ture is desired to make easier the examination of 
details revealed by the radiograph. Also, in the X-ray 
of intricate shapes it is often not possible to place the 
film tightly against the back surface of the object. 
With low-voltage X-rays the resulting radiographs 
would appear fogged and indistinct; with high energy 
X-rays the quality of the radiograph would not be 
affected. 

One other characteristic of multimillion-volt radiog- 
raphy should be mentioned; that is, the increased 
latitude it makes possible. Latitude refers to the 
range of thickness of material over which a radio- 
graph can be taken resulting in film densities which 
are satisfactory for diagnosis. With low-voltage X- 
rays a variation of thickness over the area radio- 
graphed in the order of 10 to 20% is generally pos- 
sible; with high energy X-rays the thickness variation 
can be as high as 100 to 200%, depending on the 





voltage, and the detail will still be recorded on the 
radiograph for satisfactory interpretation. Because 
of this increased latitude, objects having large changes 
in thickness or density over the areas to be radio- 
graphed need only be X-rayed once. 


Applications 

After learning the various characteristics of high 
energy X-rays it is easy to see the many applications 
this new development in radiography will have in the 
metal industries. In the foundry it will expand the 
use of radiography in the development of casting 
techniques and procedures for section thicknesses 
above 7 in. Not only will the increased penetrating 
power of these X-rays be used to advantage, but also 
their ability to reveal flaws in sections of great thick- 
ness variation and in intricate shapes which cannot 
be X-rayed practically with low-voltage X-rays. 

Perhaps the most promising application is in the 
examination of mechanisms. Its good sensitivity, 
great penetrating power, as well as the feature of 
being able to place the recording film far back of the 
radiographed object, makes practical the examination 
of finished assemblies such as automobile engines, 
electric motors, generators, and complicated ma- 
chinery. This application can be utilized in design 
work to investigate the motion of moving parts and 
to get strain measurements on assembled mechanisms. 
In addition, complicated assemblies can be studied 
during the various stages of fabrication and when 
completed to detect any flaws. 

The introduction of multimillion-volt X-rays should 
also extend the use of stereoscopy, or three-dimen- 
sional radiography. By using stereoscopy accurate 
thickness measurements on inaccessible metal forms 
is possible. Exact locations of flaws in-very heavy 
metal parts can also be accomplished by this means. 
And, again, for design work, three dimensional studies 
of the internal parts of mechanisms are made feasible 
and will be of invaluable assistance to designers. 

These and many more applications will present 
themselves as radiography with multimillion-volt X- 
rays is further developed and continued improve- 
ments are made in electron accelerating equipment. 
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High Temperature Furnace 
for Distilling and Refining Metals 


by FRANK rz POLAND, Revere Copper and Brass Inc. 


T WAS RECOGNIZED early that nickel would become 
a critical metal in the war effort and therefore all 
nickel stocks and alloys containing relatively high 

percentages of nickel were frozen immediately. 
Among these alloys were considerable quantities of 
various grades of nickel silver, an alloy containing 
zinc, copper, nickel, and in some grades lead with 
minor amounts of iron, manganese, and other con- 
stituents. 

At the time there was no existing plant or process 
to eliminate the zinc and other constitutents so as 
to convert this metal to cupro-nickel, one of the 
important alloys used by the U. S. Navy for con- 
denser parts. The problem in converting these alloys 
to cupro-nickel was the elimination of the zinc, lead, 
iron, manganese, and other elements without ap- 
preciable loss of the nickel to slags or other by- 
products. 

Revere Copper and Brass Inc. through its research 
and development department undertook to solve this 
problem and its efforts resulted in the building of a 
plant which successfully made the conversion. 


The Process 


Briefly, the process for making the conversion con- 
sists in distilling the bulk of the zinc from the copper 
and nickel, condensing the zinc vapor to liquid and 
casting into commercial metallic slab zinc. In the 
distillation furnace the metal is heated to a tempera- 
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ture of approximately 3200 F at which temperature 
the residual zinc in the copper-nickel alloys is ap- 
proximately 3%. This metal is then transferred to 
a scorifying furnace which is a tilting reverberatory 
furnace equipped with several converter tuyeres. In 
the scorifying operation the zinc, iron, manganese, 
silicon, and lead are removed to the extent that the 
final product meets the U. S. Navy specification for 
70-30 cupro-nickel condenser tubes. 

Among the many features in connection with this 
project was the development of a resistor type elec- 
tric furnace to operate at a uniformly distributed 
high temperature. This furnace is essentially an in- 
ternally electrically heated retort and operates in the 
atmosphere of zinc vapor generated by the distilla- 
tion temperature. 

It will be realized from the following description 
of the furnace that the basic design is applicable to 
many other metallurgical processes in which it is of 
advantage to have a sealed furnace or to operate in 
a definite or controlled atmosphere. 

Among some of the suggested uses are the melt- 
ing of scrap aluminum, magnesium, copper, brass, 
ferro silicon, galvanizers zinc dross, and the silver- 
zinc skims from the Parke’s lead refining process. 

Shown in Fig. 1 is a side view of a dual unit 
and a zinc condenser built for condensing zinc dis- 
tilled from nickel silver for the purpose of convert- 
ing it to cupro-nickel. This unit has also been used 
for converting refinery grade scrap brass, fired car- 
tridge cases, and brass turnings to metallic zinc slabs 
and fire refined copper ingots. The metal is melted 
in the first unit and overflows through a graphite tube 
to the high temperature distillation unit. In the 
melt-down unit there is maintained a pool of liquid 
metal and at the overflow end there is a liquid metal 
seal to prevent the zinc vapors escaping from the 
distillation unit to the melt-down unit. 

In operation, the metal to be treated is charged into 
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Fig. 1—This dual unit is used to melt and condense zinc distilled from nickel silver in converting it to 


a vestibule in which is maintained an atmosphere of 
nitrogen, the nitrogen serving to prevent air from 
entering the furnace and to flush air from the inter- 
stices of the baled or loose metal. 

Fig. 2 shows the charging end of the furnace and 
the control panels. The furnace illustrated is charged 
by hand. However, the charging can be mechanized 
and within reason the charging doors can be varied in 
size to suit the material to be melted. 

The photographs show furnaces having a capacity 
of approximately ten tons per furnace charge. How- 
ever, they can be built in larger or smaller sizes. 


Furnace Construction 


These furnaces consist of a welded gas-tight steel 
tank lined with suitable refractories and with a one- 
piece removable roof. The joint between the roof 
and hearth section of the furnace is sealed with dual 
sand and oil seals. The melt-down furnace is pro- 
vided with a sealed skimming door to remove any 
slag or dross that may accumulate on the surface of 
the liquid pool, and the distillation unit is equipped 
with a suitable tapping arrangement and has an out- 
let connected with a surface condenser used when 
distilling zinc. 

The furnace hearth, sidewall and roof are of heavy 
carbon blocks backed up with fire clay brick and 
finally with insulation. The combination is so por- 
tioned as to maintain the outside steel shell at rela- 
tively low temperature so that the radiation loss is at 
a minimum. 

The combination of high temperature metallic 
vapors and the need for a perfectly sealed furnace 
presented many refractory problems. However, they 
are all solved and some of the units have been in use 
for a period of two years with relatively low main- 
tenance expense. 

In the selection of the refractories particular at- 
tention was paid to the coefficient of expansion as 
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cupro-nickel. 





Fig. 2—Here are shown the charging end of the furnace 
and the electrical control panel. 
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Fig. 3—Tapping and casting zinc slabs. Approximatel) 
90% of the zinc in nickel silver and scrap brass is recovered 











the furnace is built into an air tight steel tank with 
no provision for expansion other than the compressi- 
bility of the insulating refractories. 

The roof has a novel feature in that it is provided 
with a graphite plank roof to support the resistors 
and to radiate the heat from that part of the resistor 
that does not radiate directly to the hearth or side 
walls. Between the plank roof and the removable 
arched roof there is interposed a layer of charcoal 
as high temperature insulation so that the removable 
arched roof is kept at a minimum size and weight. 

There are many minor features of the construc- 
tion that are of considerable importance to its suc- 
cessful operation but space will only permit of an 
illustration such as the tap-hole which cannot be 
plugged with any of the usual clay mixtures because 
the temperature is very near or above the fusion point 
of most of the usual refractories and the higher melt- 
ing refractories fuse to a hard dense mass that is dif- 
ficult to tap. This was satisfactorily met by use of a 
simple but very practical tapping arrangement, the 
parts of which are made of graphite and are used a 
number of times before it becomes necessary to make 
replacements. Replacements can be made without 
shutting down the furnace. 


Electrical Features 


The furnace is heated with a graphite resistor ele- 
ment which consists of a built-up grid made from 
graphite electrodes. In the particular furnace being 
described the resistor consists of eight T-shaped ele- 
ments, each approximately 5-ft. long, connected in 
series in such a manner as to have low inductance. 
This graphite resistor is connected through sealed 
in lead-in terminals to a 750 kva. single-phase, 60 
cycle transformer. The transformer voltage can be 
varied from 55 to 85 v. in five-volt steps. Although 
a single phase resistor is used in the furnace being 
described it is feasible to construct a 3-phase resistor. 
Although variable voltage is provided for regulating 
the power input, the change in the resistivity of the 
resistor is so slow that the input remains constant 
over a period of weeks and the life of the resistor 
is very long. Copper plates are inserted in the steel 
shell in the area around the lead-in terminals in order 
to prevent overheating by induced currents from 
the lead-in terminals. The overall power factor with- 
out correcting devices is 85%. The energy efficiency 
of the Wilkins-Poland furnace is high and compares 
favorably with induction type furnaces. 


Control 


The heat capacity of these units in relation to the 
heat input is such that the temperature changes are 
gradual and it is unnecessary to have, for most uses, 
automatic power or temperature control. 

Temperatures are indicated by means of radiation 
pyrometers, the target blocks being inserted and 
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sealed in the roofs of the furnaces. The control pane! 
at the furnace is equipped with temperature indica 
tors and recorders for the roof temperature of each 
furnace and the condenser temperature. An all-on 
all-off remote power control relay is also on this pane). 

In use for the specific purpose of distilling zinc 
from scrap brass and copper-nickel alloys, there are 
two furnaces connected in series. The first is the 
melt-down furnace that carries a liquid pool of ap- 
proximately 10,000 Ib. into which the cold material 
is charged. Any foreign material, slag or dross is 
allowed to float to the surface and is removed by 
skimming through a side door. At the end opposite 
the charging ports there is a teapot overflow through 
which the metal runs in a relatively continuous stream 
to the distillation unit. This unit is kept at or near 
the optimum distillation temperature so that the zinc 
vapor is produced at a uniform rate to simplify and 
maintain uniform condenser operations. 

After the initial run in such an operation there are 
practically no non-condensible gases delivered to the 
condenser and it is regular practice to seal the con- 
denser. That is, there is no vent on the condenser 
for the discharge of non-condensible gases. In the 
distillation of scrap brass and nickel silver alloys, 
containing lead, about 45 to 50% of the lead present 
is also vaporized and carried along with the zinc so 
that leady zinc is produced. 

The zinc produced from refinery grade of scrap 
brass runs between intermediate and prime western 
in grade, the grade of course depending entirely upon 
the amount of leady brass on the charge. 

The arrangement for tapping and casting zinc slabs 
is shown in Fig. 3. In treating nickel silver and scrap 
brass between 85 and 92% of the zinc present, de- 
pending on the zinc content of the brass, is recovered 
as slab zinc. 

Other metals carried over with the zinc vapor are 
in proportion to their partial vapor pressure at the 
Operating temperatures. The melt-down furnace, of 
the unit being described, is operated with the mini- 
mum degree of superheat to avoid distilling the zinc 
as no provision is made to withdraw vapor from this 
furnace other than what would discharge or condense 
into the charging ports. 

The distilling or high temperature furnace can be 
arranged so that molten metal from any source or 
from some other type of melting furnace could be 
charged, and other types of melting furnace may be 
preferable for the melting of specific materials. Such 
a case would be one in which a large quantity of 
foreign material would have to be skimmed from 
the molten metal or one in which melting under a 
controlled atmosphere would be unnecessary. 

There has been an unusual amount of interest 
shown in these furnaces and in the process by do- 
mestic and foreign companies in the nonferrous 
metal industry, and there will undoubtedly be other 
plants built in the immediate postwar period. 
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elding Stainless Steel .. . part i 


by ¢. C. HERMANN 


HEN THE ENGINEER is faced with the problem 

of selecting a material which will not corrode, 

he thinks of “stainless steel.” After a brief in- 
vestigation, he determines that his material cost alone 
will be nine times that of ordinary steel and he hes- 
itates. Then he discovers that fabrication costs for 
stainless steel range from two to three times that 
of steel and he throws up his hands in despair. He 
is now in a frame of mind which makes him an easy 
convert to iron or steel construction with corrosion 
resistant coating. 

The engineer is, to an extent, justified in his course 
of action, however, if he carries his investigation into 
the realm of maintenance cost during the life of the 
structure and later replacement cost he finds the pot 
of gold at the end of the rainbow. A corrosion re- 
sistant coating on iron or steel is a slight thread 
indeed to support a reputation. The smallest pin hole 
in the coating unnoticed by the inspector will prove 
disastrous and in the end the cost outlay is made 
for a stainless steel replacement. 

The most popular stainless is the 18:8 group of 
which there are many trade brands. Type Nos. 302, 
305, and 307 are more commonly used but when the 
carbon content must be limited to 0.08% max. type 
Nos. 304 and 306 are specified. There is a small in- 
crease in price for the lower carbon types. 

A second group of stainless is likewise popular for 
some vessels; namely, 25-12 such as Enduro, NCN, 
Uniloy Special 2411, U.S.S. 2512, Rezistal 3, Mid- 
valoy 25-10, Empire 24-12, and many others. 

The 18:8 steels are soft and tough as-welded, are 
non-magnetic, harden when cold worked but cannot 
be hardened by any form of heat treatment. To 
resist corrosion best the steel is heated to 2000 F and 
quenched, which anneals it. The straight chromium 
types are usually brittle as welded, they do not anneal, 
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and are magnetic, thus they are difficult to handle. 

When selecting a stainless for a given corrosive 
condition, it is well to bear in mind that the lab- 
oratory conditions under which the steel is tested 
are difficult of duplication in practical application. In 
the process and chemical industries are found all 
manner and mixtures of gases and acids. Some cor- 
rosive acid may be present as only a trace or very 
small percent but in combination with the bulk of 
well-known substances the combined effect on the 
steel can be disastrous. The first step, therefore, in 
the choice of material is to determine, beyond the 
shadow of a doubt, just what the corrosive condition 
is and design accordingly. 

Temperature at which the vessel must prove re- 
sistant is important. The 18:8 alloy is most resistant 
to corrosion in the annealed condition so long as 
the temperature of the liquid is low. For high liquid 
Or gas temperature such as encountered in chemical 
plants the 25:12 type stainless should be used. 

The annealing of 18:8 vessels after welding is 
important but oftentimes difficult, due to size, struc- 
ture and accuracy required in the finished work. 


Titanium Adds to Accuracy 


For accuracy in the finished work, a stainless hav- 
ing a small percent of titanium should be used. 
Much could be said regarding the effect of heat 
treatment or lack of same on stainless steel, however, 
this lies in the field of the metallurgist and must 
be passed herein. Suffice to state that heating 18:8 
to 1850 to 2100 F and rapidly cooling by quenching 
reduces intergranular corrosion and annealing at 800 
to 1400 F precipitates the carbides again so that 
from a practical point of view it is most logical to 
select a welding electrode having slightly less carbon 
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content (0.05 to 0.07%) and some titanium such 
as type 320-321 in all cases. 

The foregoing very brief discussion of the simpler 
characteristics of 18:8 and 25:12 stainless should 
suffice to lead the designer to a more careful selec- 
tion of material as to type. The lowest price mate- 
rial consistent with results will be the answer. 

Too many designers go off the deep end when it 
comes to weight of stainless to employ. The design 
should be along the lines of mechanical strength by 
reinforcing with lower price materials, consistent of 
course, with useful life of the vessel as a whole. 
Thickness of the stainless steel affects directly, in 
many instances, the life of the structure. Laboratory 
tests show the expected decrease in thickness in a 
time element when subjected to a given corrosive 
acid and the designer should acquaint himself with 
these factors. In actual practice, however, it is 
usually the case that where corrosion is present it 
goes through the sheet with such rapidity that extra 
thickness as an economical factor is uncertain. It 
is far better to work on the basis that the steel is 
either totally resistant to the acid or unsuitable. If 
unsuitable, then select an analysis or type of mate- 
rial which is resistant. 

On the latter basis the design may proceed along 
the lines of mechanical strength obtained by banding, 
ribbing, or reinforcing with common steel of lower 
price per pound. In this manner the minimum 
weight of the higher price stainless will be used and 
providing the differential is not entirely absorbed by 
use of additional man hours of labor in the fabrica- 
tion, a Minimum first cost is procured. 

Undoubtedly the semi-stainless type of fabrication 
of such vessels will advance in future construction. 
Stainless clad steels are a partial answer. Stainless 
clad steel is a two-or-more-ply steel having 15 or 
20% thickness of stainless steel laid on a foundation 
of soft or mild steel. This sheet was developed to 
provide the corrosion-resisting advantages of stainless 
at a reduced cost. Its use is broadening having been 
used heretofore in construction of vessels for resis- 
tance against the milder corrosive agents such as 
salt. The design of this steel is on the basis that 
the very thin stainless is either wholly resistant to 
the substance encountered or it should not be used. 
Some of the objections to its use are mold steel edge 
and the same exposure to cope with in connection 
with openings in the vessel. 

Many fabricators object to working on stainless 
clad sheets and composite designs such as stainless 
sheets reinforced by mild steel. This is justified on 
the basis that cutting tools, punches, and shears are 
provided with suitable clearance and shear to handle 
stainless but would be not entirely suitable for mild 
steel. Also welders become adept on stainless but 
confused when changing from stainless to mild or 
visa versa. Although there is considerable difference 
in the technique of welding stainless as compared 
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to mild steel, yet it would seem just as advisable 
for a welder to be qualified in both types as for 
a trombone player to be able to play a flute. Without 
discrediting specialization it is quite apparent that 
fabricators will handle more and more composite 
structures in the future. More will be said on this 
subject later in connection with fabrication methods. 


Wrong Stainless Increases Cost 


The designer can increase his labor cost by speci- 
fying the wrong type of stainless, the wrong thick- 
ness of material and the wrong class of weld. If 
he is familiar with shop practice regarding lay-out, 
cutting, stock sizes of sheets, fabrication and welding 
of stainless then he can go the limit in his specifica- 
tions. On the other hand, if he is not entirely con- 
versant with these procedures it would be best that 
he write a flexible specification and let the expe- 
rienced fabricator use a free hand to produce the 
desired structure. Specifications closely written more 
often protect the fabricator than the purchaser in 
that those developed by an inexperienced person 
offer all the loopholes necessary for the fabricator 
to work out of any situation. About the simplest 
and air tight specifications I ever read stated the 
case in the following terms: “The contractor shall 
furnish a tank of the type and having the dimensions 
shown on the drawings, made of 18:8 stainless steel, 
electric welded throughout, and to be capable of 
withstanding a pressure of 100 millimeters of mer- 
cury continuously.” Not an.all-inclusive or elaborate 
specification but exacting enough that there were 
no loopholes for the fabricator to slap on a number 
of extras. Needless to state, the job was purchased 
at a minimum cost because competitive bidding took 
into account plant efficiency and overhead charges 
as well as fabricator profits. Each bidder was able 
to use his own developed methods rather than be 
bound by methods with which he may not have 
been familiar. 

A vast book could be written on the subject of 
welding stainless steel fully 80% of which would 
have no meaning to 95% of the plants in the busi- 
ness. In the following paragraphs are described only 
those practices which are more or less standard in 
all shops. 

What welding characteristics of stainless steel dif- 
fer from those of mild steel? They are three, namely— 
electrical resistance, thermal conductivity, and ther- 
mal expansion. 

The electrical resistance of 18:8 stainless steel is 
6.4 times that of low carbon steel. What does this 
mean to the welder? In plain understandable terms 
it means that whereas he can use an electrode 6 in. 
long between the holder and the work when welding 
mild steel he must cut this to less than 1 in. with 
stainless electrode for the same generator setting. 
What does he do? For butt welding 14-gage 18:8 
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stainless steel he would set his instrument panel for 
60 amp. at 24 v. using a 3/32-in. electrode. For 
mild steel the corresponding settings would be 120 
amp. at 23 v. using ¥@-in. electrode. Obviously he 
would not shorten the length of his electrode in the 
ratio of one to six but would adjust his current setting 
to overcome the extra high resistance of the stain- 
less electrode. At the same time the electrode length 
would be such as will not result in overheating. 
Stainless steel electrodes should, of course, be heavily 
coated. 

The thermal conductivity of stainless steel is about 
one-third that of mild steel; therefore, the chances 
of overheating the work as well as the electrode are 
present. This is why a lower amperage setting is 
used and explains why there is always some dis- 
coloration of the work on either side of the weld. 
A surface oxide forms due to high heat or retention 
of heat but the color can be removed by pickling, 
or grinding and polishing. The latter method is 
generally used. 

The third important characteristic is thermal ex- 
pansion which is about 114 times that of mild steel. 
Mild or low carbon steel practice applied to stainless 
steel would ruin the work entirely due to this factor. 
Considerable buckling and warping results. The 
welder must so adjust his heat and method of ap- 
plying metal to avoid this fault. He will lay down 
successive layers of metal rather than try to form 
a complete heavy bead at one pass. Thus he allows 
time for the heat to dissipate before applying more 
heat. 

In these three factors is found the cause for the 
relative high cost of welding labor as compared with 
mild or low carbon steel. Many studies reveal that 
a good experienced welder will produce about one 
half the weld in ft. per hr. on stainless steel than 
he would on low carbon steel. 


Common Welding Positions Used 


The usual welding positions are commonly used 
for stainless steel namely—down-hand, vertical, and 
overhead. The polarity used is electrode positive, 
work negative. The type of joints are butt, lap, 
and fillet. It is up to the designer to determine the 
type of joint to be used. He will be governed by 
such considerations as: (1) Are tension or compres- 
sion forces present? (2) Will the joint be subject 
to bending, fatigue or impact forces? (3) Is the 
load to be applied in a steady, variable or sudden 
manner? (4) Has a comparison on the basis of cost 
of preparation and welding been made and which 
is the more economical joint? 

Butt joints may be square, single V-bevel, double 
V-bevel, U-single, U-double, square-T, bevel-T, dou- 
ble bevel-T, single-], and double-J. These joints are 
shown in an accompanying illustration. 

The square butt joint is suitable for light loading 
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but is not a satisfactory joint for use when welding 
stainless steel because much of the base metal must 
be melted down to procure a solid joint. Discolora- 
tion will run back further than desirable and to re- 
move it will result in reduction in thickness of the 
sheet. This joint is lower in cost of labor than other 
joints since there is no pre-machining and is widely 
used on thin stock where strength is relatively un- 
important. 

The V-joint is made either single or double. The 
question often arises: When should a double V-joint 
be used in preference to a single V? The answer 
is: When the stock thickness is such that the single 
V would prove unsound. The preparation of the 
joint is more costly than the single V but less ex- 
pensive in regard to welding rod and welding labor 
because only about 50% as much rod is used to 
make the joint. The selection here is the cost of 
preparation compared with the welding cost. Either 
of these joints are suitable for usual load condi- 
tions either tension or compression. 

The U- and J-joints are similar except that the 
U-joint applies to the joining of two members in 
the same plane while the J-joint applies to two 
members joining at right angles to each other. The 
U-joint is a high strength joint when accurately 
made and will be suitable for all usual loads. It is 
only practical on plates 3/18 in. or thicker and the 
double U-joint is used where the plate thickness is 
too great for the single. Compared with the V-joint 
the cost of machining will be higher but less elec- 
trode will be used. The same arguments can be ad- 
vanced for the J-joint as compared with the single 
and double T-joints. The J-joint is used on heavy 
plates for severe loads. The double J-joint is used 
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These are the commonly used butt joints used in weld- 
ing metals. All are applicable to stainless under 
proper circumstances. 
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Lap joints (upper left) are commonly used on stain- 
less steel and are in the same class as the fillet welds 
used to fill angle corners. 
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These are two variations of V-welds, in the one a 
bottom plate is welded to the bottom side of the gap. 
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on heavy plates 34 in. and up. It is considered good 
practice to lay a small bead on the back of the 
single J-joint. 

The square T, single bevel T and double bevel T 
are popular joints. Of these joints the square T is 
the lowest in cost due to absence of machining and 
it is used on all thin plate work. The double T-joint 
requires more machining than the single T but uses 
less electrode and is a stronger joint. This joint is 
suitable for heavy loads in longitudinal or trans- 
verse shear. 

Lap joints are common and can be single-lap or 
double-lap. No machining is required with either 
joint. The amount of electrode required for the 
double weld is about 60% greater than for the 
single, since one of the welds need not be as full 
as the other depending on the load requirements. 

Lap joints really fall in the fillet weld class, how- 
ever, fillet welds are generally considered for filling 
between angle corners. In a so-called flush corner 
joint some of the base metal must be melted and 
fused with the electrode to form a sound weld. 

How are we to select from among the 15 widely 
used joints the type to use for a given construction? 
Any analysis of the job must take into consideration 
the following factors: Material cost, labor, general 
expense or overhead, useful life of the structure. 

Material cost is not difficult to determine if we 
recognize the elements. Material means all material 
taken from stock for the job whether it be plant 
stock or purchased from warehouse. It includes waste, 
electrode, waste electrode, bolts, nuts, material for 
clamping or holding while welding, and, in some 
instances, it includes supporting steel. Where manu- 
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facture is not repetitive in nature it also includes 
sheets for patterns. 


Proper Cutting Reduces Waste 


Waste must be kept at the absolute minimum 
when fabricating stainless steel since the waste will 
show the same pound price as material actually go- 
ing into the product. All too frequently, excessive 
waste results from fabrication of a single unit. The 
best way to control waste is to select sheet sizes 
and make actual developed layouts indicating to the 
cutting department just how the sheets are to be cut 
and just where the shegt ends are to apply. By wise 
study and proper lay-out the least waste will result. 
The old rule of the thumb as 10% waste or 12% 
waste, has no standing here. When the job is fin- 
ished all waste should be weighed and together with 
the weight of the finished article compare with 
purchase weight. 

With stainless steel, bevels are generally obtained 
by grinding or with some shaping tool. When grind- 
ing a bevel on the edge of the stock it is important 
that straight, even lines be maintained otherwise 
the joint will be uneven resulting in draw to a warp 
when welding. For this reason, machining might be 
found superior and more accurate. 

Instead of planing the edge to a U- or J-shape 
welding a bead along the bottom of a V is sometimes 
used. In one case a simple V-edge is prepared and 
then a flat piece is welded to the bottom side of the 
gap. Shops specializing in work of the heavier type 
involving U- and J-joints will be supplied with form- 
ing tools to produce the desired shape. A mill with 
special formed cutter will be found to be about the 
lowest cost type of machining. 

Preparation involves selection of stock for the job. 
It would be very foolish to store stainless steel pro- 
miscuously. However, many storage piles of stainless 
steel observed leads one to wonder if the employees 
do not consider the material as just so much steel 
instead of material which runs as high as fifty cents 
per lb. Stainless steel should be stored in its original 
shipping crate on edge with protective paper left 
between the sheets if polished stock. As a result 
of careless storage considerable bend and wrinkling 
of the sheets results and it is next to impossible to 
straighten out some of these faults. Obviously trouble 
will be experienced in fitting a pattern or making 
layout on a wrinkled or bent sheet and further trouble 
will be encountered in fitting such sheets together 
for welding. As mentioned in a previous paragraph 
stainless steel will discolor in the atmosphere and, 
although this discoloration in itself will not hinder 
welding, it will result in the accumulation of dirt 
and foreign matter which will interfere with the 
welding operation’ in that it will float to the sur- 
face of the weld resulting in additional slag. Of 
course all slag must be removed from the weld 
during the welding operation. 
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Fig. I—A group of diamond wire drawing dies of varying sizes and undrilled diamonds which will be 
drilled to produce other dies. Precision requirements can be realized by studying the minute diamonds used. | 


Diamond Dies for Wire Drawing 


by 4 K. WALL, North American Philips Co. 





NE OF THE PRIME requirements of wire drawing 

dies is hardness and through the evolution of the 

die industry various materials with an increasing 
degree of hardness have been used. About 1000 years 
ago the monk Theophilus described a wire drawing 
die as: “Two pieces of iron, three or four fingers 
wide, smaller at the top and bottom, rather thin, 
pierced with three or four rows of holes through 
which wire may be drawn.” 

The first reference to drilling hard precious stones 
is made in a British patent issued in 1819. A half- 
century later diamonds were drilled to make fine 
wire drawing dies. The method of drilling diamonds 
has evolved from the slow hand process of the Euro- 
pean home craftsmen to that used today in which 
high-speed precision tools are used. 
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Fig. 2—Using boart (diamond chips) the op- 

erator makes an indenture in the flattened 

surface of the stone to make a center point to 
guide the needle during drilling process. 
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Fig. 4—To make the opening between cone and 
back relief, the diamond is mounted on a gently 
oscillating spindle and is observed under a mt- 
croscope to prevent a breakthrough with conse- 
quent damage to the bearing surface. The needle 
is ground to a blunt round point and the opera- 
tion continues until there is a clean countersunk 
exit between the bearing and the back relief. 
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Fig. 3—In this schematic drawing 
of a diamond die is gwen the no- 
menclature of wire drawing dies. 


Fig. 5—( below) Through a window ground 
perpendicular to parallel flats it is possible 
to observe the drilling process through a 
microscope. The actual drilling is achieved 
through a blunt needle using an abra 
sive of diamond dust suspended in 
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Figs. 6, 7, 8—For hard wires, such as tungsten, molybdenum and nickel alloys, a long bearing die should be used. 

Slightly shorter, but still comparatively long is the bearing channel for half-hard wires such as phosphor bronze, 

steel and hard brass. Soft wire materials including copper, bronze, gold, silver, platinum, aluminum and soft 
brass require only a short channel. 


Fig. 9—This is an example of a poor die. Rings apparent 

throughout the cone and channel result in rapid die wear. 

Lack of concentricity in the back relief will soon result in 
the die being out of round. 





Fig. 10—Here is a well polished die in which a mir- 
ror finish is attained in the secondary cone and bear- 
ing. This feature keeps die wear to a minimum and 
results in maximum uniformity in the wire produced. 
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One of the important char- 
acteristics of  glass-rein- 
forced plastics is the high 
flexural strength. This thin 
sheet can be bent until the 
ends almost touch without 
damaging the fiber or the 
resin impregnation. 


Properties and Fabrication 
of Glass Reinforced Plastics 


by JAMES SLAYTER and H. W. COLLINS, Owens-Corning Fiberglas Corp. 


This article is based on a paper presented by Mr. HILE THE WAR WAS ON, all effort was concen- 
Slayter and Mr. Collins before the American Institute trated upon developing glass-resin combinations 
of Chemical Engineers. to meet war requirements. Civilian use require- 


ments are not necessarily the same as the requirements 
of war, so the cooperation of those responsible for 
the selection of materials and design of end-wse prod- 
ucts is essential to the full and rapid development of 
glass-plastics for civilian applications. 

The high strength-weight ratio of individual glass 
fibers used for plastics reinforcement underlies the 
high strength-weight ratios of the finished laminates. 
Tensile strength of individual glass textile fibers, in 
the order of 300,000 psi., is compared with tensile 
strengths of other materials in accompanying charts. 

High tensile strength of glass fibers, combined with 
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30% elastic deformation—the same deformation at 
break as cotton fiber—provides an energy absorbing 
value several times that of steel. The energy absorb- 
ing values of several materials are compared on an ac- 
companying chart. 

The properties of representative cast resins are 
given as follows: 


Te ecittittiiadoncedveiniten 9,000 psi. 

Modulus of Elasticity...... 0.4 x 10° psi. 
CoMPpressiON............000000 » 25,000 psi. 

Pa shitikictstinicicichondcinn 25,000 psi. 

i iccadihacisecccesseenascecnes 0.5 ft. Ib. per in. of notch 
Specific Gravity............... 1.3 


Keeping these figures in mind, note Table I cover- 
ing properties of glass-plastic laminates made at 10 
to 15 psi. pressure, with the glass reinforcement 
oriented to give equal strength in all directions. It 
is apparent that glass-plastic laminates provide a ma- 
terial possessing extraordinary strength in relation to 
weight. Other properties possessed by the material 
are no less important. 





Table I 
Rein- 
force- Properties of Laminates 
ment 





Com- Flex- Impact ft. Spe- 


Woven | Ten- 


Glass sion = ure Ef lb. in. Fan 
Cloths | psi. , psi. o- width ~ 
psi. ity 





ECC-112 |38,000| 30,000|42,000/ 2.2 x 10° 22 1.70 
X-1699 |42,000|33,000/55,000| 2.5 x 10° 23 1.85 
ECC-128 |37,000) 17,000) 33,000) 2.2 x 10° 20 1.80 


























ECC-164 |31,000) 13,000|26,000/1.8x10*| 27 1.70 





Dimensional stability is one of these other prop- 
erties. Natural fibers and all synthetic fibers made of 
organic substances absorb moisture to some degree. 
The absorption of moisture causes them to swell as 
they become wet, to shrink as they dry, and to lose 
strength. Swelling and shrinking inevitably affect the 
dimensional stability of the plastic products in which 
they are used as reinforcement. 

Glass fibers, being inorganic, and being micro- 
scopically fine solid glass rods, absorb no moisture. 
The only moisture they will retain is that which can 
adhere to the fiber surfaces. The amount of moisture 
that can adhere to the fiber surfaces is relatively low 
and surface treatments recently developed replace and 
repel the adhered film of water. 

Because glass fibers will not absorb moisture they 
will neither shrink nor swell under changes in mois- 
ture conditions. In addition, they possess a low co- 
efficient of thermal expansion and are strong enough 
to resist normal expansion of the resin. The accuracy 
of dimensions of molded parts can be controlled with 
high precision because the material has a predictable 
and very low coefficient of thermal expansion. 

The ability to obtain directional properties is a 
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great advantage in design. If stresses to which the 
product will be subjected will occur in several direc- 
tions, it is possible to distribute the glass fibers in 
these directions in proportion to the amount of stress 
in each direction. If the principal stress is to some in 
one direction, it is possible, by arranging the glass 
fibers in the direction of stress, to exceed the strength 
of structural metals. In four accompanying charts on 
strength properties, values are based on laminates 
made with heat-treated, unidirectional glass cloth and 
a representative low-pressure resin molded at 15 psi. 
pressure. Specific strengths are original strengths 
divided by the specific gravities of the materials, ex- 
cept for specific flexural strength which is obtained 
by dividing by the specific gravity squared. 

In metals the modulus of elasticity is not variable, 
but the modulus of glass-plastic products is controll- 
able over a wide range. This control is a function of 
the amount of glass cloth used for reinforcement. 

Glass-plastic laminates have good dielectric strength. 
They have no definite yield point, so it is possible to 
work the material very close to its ultimate strength 
without permanent deformation. The same charac- 
teristic prevents the material from denting when 
struck a sharp blow. Because of its fibrous structure 
and the consequent scattered distribution of any im- 
perfections, the material will not propagate cracks. 

Glass fibers will not rot, they retain their strength 
over a very wide range of temperatures and, because 
they are the end product of oxidation, they will exist 
indefinitely in an atmosphere of oxygen. Weathering 
resistance is largely a combination of these properties. 
Glass fibers contribute these properties in a higher 
degree than other reinforcements. 

The wet strength of many materials is adversely 
affected by long exposure to moisture, but on the 
basis of experiments now being conducted it appears 
that by applying to the glass fibers a silicone in water 





Glass-reinforced plastic hot air duct manufactured by 

Toyad Corp. of California for Hughes Aurcraft Co. 

demonstrates use of this material for undercut, hollow 
and complex parts. 
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These are the individual parts which are joined to 
complete the hot air duct shown in the previous 
illustration. 


solution, it will be possible to bring the wet-strength 
of glass-plastic laminates up to a point very nearly 
equal to their dry-strength. A series of silicone treated 
glass-plastic laminates retained over 90% of their 
initial strength after submersion in water for seven 
days. 

Other series of test specimens have been immersed 
in solutions of various chemicals, including certain 
concentrations of both acids and alkalis, for periods 
up to seven days and at temperatures up to 200 F. 
Complete immersion of the specimens made the tests 
more severe than the conditions that would be en- 
countered in using the material for pipes or tanks, 
for in such applications the material would be ex- 
posed to chemical attack on only one surface. 

Test results indicate that glass-plastic laminates 
have sufficient chemical resistance to permit their 
use as underground oil pipes. Their resistance to 
electrolysis also indicates their suitability for cross- 
country underground pipe lines and similar instal- 
lations. 

'n addition to carrying on research aimed at the de- 
velopment of new or improved glass reinforcements, 
experimentation is being conducted with low-density 
core materials for use in the construction of sand- 
wich-type glass-plastic panels. The great advantage 
of such panels is that they can combine large area 
with rigidity, or resistance to buckling, and extremely 
light weight. 

The panels can be formed in simple and compound 
curves as well as in flat sheets. They can be designed 
for either structural or decorative applications. They 
can be designed to provide excellent sound and heat 
insulating and vibration-dampening properties. The 
complete panels are easy to assemble and, because 
large parts can be made in one section, they eliminate 
much riveting and bolting. 
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Fabrication of Parts 


Because the low, or contact, pressure resins polymer- 
ize without giving off volatiles, it is possible to cure 
them in any desired shape merely by holding them 
in contact with the mold. This makes possible the 
fabrication of very large parts—the whole top of a 
railway car or the hull of a boat, for instance—with- 
out the expense and physical limitations imposed by 
the use of high-pressure presses. 

It also means the elimination of expensive dies and 
jigs, for since high stresses are not applied to the 
molds they can be of inexpensive construction. All 
this adds up to the fact that low-pressure, glass-rein- 
forced plastics can simplify and lower the cost of 
fabricating many parts, particularly large parts and 
those involving compound curves. They permit a fre- 
quency of design change that is uneconomic when 
there is a heavy investment in costly dies. 

In general, their field appears to be the range and 
variety of parts that are produced in the hundreds or 
thousands rather than in the millions, and in the pro- 
duction of which, because of their relatively small 
volume, the cost of expensive metal dies is a pro- 
hibitive or burdensome factor. 

Glass-plastic laminates can be given a highly pol- 
ished finish in any desired color by spray-painting 
them with cellulose-acetate or cellulose-nitrate based 
finishes; or, a polished, color finish can be applied by 
impregnating glass mat with a resin to which the 
color has been added, and bonding the mat to the 
laminate in the mold. 

In machining glass-plastic laminates, ordinary ma- 
chine shop equipment is used, but at higher speeds 
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chan in the machining of metals. The mechanic who 
could make a part if it were metal can, with a little 
experience, does an equally workmanlike job on glass- 
plastic laminates. For longer tool life, carbide or car- 


bide-tipped tools should be used. 


Plane Defroster Ducts 


An example of how the use of glass-plastic lami- 
nates can simplify fabrication of compound-curve 
parts is provided by the defroster ducts for B-29 
bombers. These ducts were originally made of alumi- 
num, tailored to a tortuous pattern necessitated by 
the fuselage design. 

The variety of the duct sections and their different 
dimensions prohibited the use of costly molds, for no 
one section.was to be produced in such quantities as 
to make the necessary financial outlay a sound invest- 
ment. The longest sections measured about 45 in. and 
had 17 compound curves. Diameters ranged from 2 
to 9 in. The sections, individually and assembled, had 
to be held to a tolerance of 0.030 in. An exact 
juncture with other plane fittings was required. 

Any material to be used for ducts had to possess 
the properties of light weight, dimensional stability, 
close tolerances, easy manipulation and workability. 
At the same time, it must produce ducts that would 
have high impact strength and high resistance to heat, 
vapors and moisture. 

A glass-plastic laminate proved to be the answer. 
Tests of the glass-plastic ducts conducted by the fabri- 
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Methods of fabricating such parts as glass-plastic 
air duct sections can differ widely in detail, but 2 
general idea of the process can be obtained from the 
following outline. 

The first step is the preparation of form blocks. 
A plaster of Paris cast is made of a wood pattern of 
the part. A slush-molded core is then lifted from the 
cast. This is used as the form over which the resin- 
impregnated glass fabric is laminated. The hollow 
plaster core is insulated from the resin with Cello- 
phane, or by a coat of lacquer followed by a coat of 
polyvinyl alcohol solution. 

The required number of pieces of glass cloth are 
then trimmed to fit the form block. In cases of ex- 
treme compound contour, flutes are cut in the cloth 
to prevent wrinkling. A piece of the cloth is wrapped 
on the form block and the liquid resin is brushed into 
it. Successive pieces of the cloth are added and 
brushed with the liquid resin until desired thickness 
is obtained. 

Heat and pressure required for curing can be ap- 
plied by several methods. Pressure is needed only to 
keep the laminations in close contact with each other. 
A widely used method of applying heat and pressure 
is with the autoclave, but use of a vacuum bag in 
combination with an oven is becoming standard prac- 
tice. 

When the autoclave is used, the plaster core with 
its laminated covering is encased in a bag of polyviny] 
alcohol, or is wrapped in Cellophane, to keep the 
laminate from adhering to a rubber bag in which core 
and laminate are placed. All air is exhausted from the 
bag. The entire assembly is then placed in the auto- 
clave and heat and pressure are applied through the 
bag, either by steam or hot water. 

Whatever the method, the form blocks or molds 
can be made of inexpensive materials. Concrete, 
wood, low-melting alloys, or plastics can be substi- 
tuted for plaster of Paris. On long production runs 
the molds can be chromium-plated, eliminating the 
parting material application before each cycle. 

Effective as it is, this method cannot be considered 
a highly efficient production line process, and it is 
undoubtedly necessary to develop production line 
fabricating processes, involving the use of automatic 
machinery, such as automatic molds, automatic feeds, 
etc., before glass-plastic laminates can realize their 
full potentialities. Progress is being made in this 
direction. There seems to be a real possibility of de- 
veloping a fully automatic machine for low-pressure 
molding. 

Present peacetime applications of glass-plastic lami- 
nates are relatively few. Designers and engineers are 
now studying use of glass-plastics for such products 
as railroad car, bus, automobile and truck body parts; 
for boats and canoes; for luggage and furniture; for 
kitchen and bathroom accessories and for home appli- 
ances. Use of the material in civilian plane parts will 
be a natural transition from its use in war planes. 
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Fig. 1 — Copper-brazed 
joints proved completely 
satisfactory in producing 
the M-74 bomb casing as- 
sembly and in the tail cup, 
tail plug and tail assem- 
blies. 


Electric Furnace 







Copper-Brazing of Steel Parts 


by H. M. WEBBER, Industrial Heating Div., General Electric Co. 


HE use of copper-brazing in assembling different 
types of steel parts (stampings, tubing, screw- 
machine parts, etc.) to form products impossible 
or difficult to manufacture economically otherwise 
was widely applied in war production. The same 
method of joining is expected to play a prominent 
part in the fabrication of peacetime products. A good 
example of what can be done is afforded by the prac- 
tice and experience of two companies who applied 
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electric furnace copper brazing in the manufacture 
of the M-74 C.W.S. incendiary bomb. 

This bomb casing assembly was highly adaptable 
to fabrication by brazing. Too, there were three sub- 
assemblies in the tail piece that were also brazed in 
large continuous furnaces at high production rates. 
Quality was equal to—or better—and cost lower than 
that obtained by any other method. 

Methods described in this article, which is con- 
cerned chiefly with tail-cup and tail-plug assemblies, 
are those used by Shwayder Bros., Inc., Denver, Colo., 
and in the International Nickel Co. plants at Meriden 
and Wallingford, Conn. 

Joints made by copper-brazing had to be strong 
and ductile to withstand landing impacts and explo- 
sions. In addition, they were required to be per- 
fectly tight in order to retain gasoline, white phos- 
phorous and other materials. An accompanying illus- 
tration shows an M-74 casing assembly and its tail 
piece, together with the three sub-assemblies. 
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Fig. 2—The tail cup assembly is made of a hub and 

disk (left), assembled with a copper wire ring around 

the hub into a straight-walled cup (upper center) or 
taper-walled cup (lower center). 








BEFORE BRAZING AFTER BRAZING 


Fig. 3—Here is how the components and brazing 

metal shown in Fig. 2 are assembled and how the 

copper penetrates uniformly throughout all the 
joints (right). 
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Tail Cup Assembly 


The tail cup assembly consists of two thin stamp- 
ings and a screw machine part, all of SAE-1010 steel. 
The finished cup is about 2%-in. in dia, 13/-in. 
deep, with a flange around the top about 34%-in. in 
dia. Total weight is approximately 52-oz. In the 
bottom of the cup is copper-brazed a reinforcing 
disk with a hole in its center and turned-up edge, 
plus a screw machine part called the “hub.” The hub 
is turned from hexagonal stock in order to provide 
wrench grip, to be used during insertion of the tail- 
plug assembly when the bomb is being loaded. This 
hub is pressed through the hole in the disk and into 
a recess in the bottom of the cup. 

During the copper-brazing treatment, the steel be- 
comes dead-annealed, which in most cases is desirable. 
However, it was felt that greater hardness around 
the rim of the tail cup is preferable in order to obtain 
the maximum tightness in the sealing operation. In- 
asmuch as cold working of soft metals hardens them, 
such work-hardening procedure was adopted in pro- 
duction to harden the rims of these copper-brazed 
tail cups. Two different schemes are used, both of 
which accomplish the same purpose. Shwayder Bros. 
draw the cup with sides which taper out to a rim 
diameter larger than that finally required. The assem- 
bly is copper-brazed in this form and then redrawn 
after brazing to the finished size and shape, which 
brings the hardness around the rim up to specifica- 
tions. International Silver draws the cup 1-in. deep, 
with vertical sides, leaving the remainder of the blank 
undrawn and appearing as a 34-in. wide horizontal 


Fig. 4—Three trayloads of 
sub-assemblies about to enter 
the roller hearth furnace at 
Shwayder Brothers plant. Tai 
cups are double-decked for 


best efficiency. 
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fange. The disk and hub are then inserted and 
copper-brazed into it. The final draw after brazing 
easily gives the desired hardness. Typical hardness 
data, measured on the side, near the rim of the cup 
as Rockwell 30-N and converted to Rockwell B, are 
as follows: 


Before brazing—74B 
After brazing—39B 
After brazing and redrawing—82B 


Application of the brazing metal is simple and in- 
expensive. A shoulder is provided around the hub to 
accommodate a round copper-wire ring adjacent to 
the joint between the hub and the disk. This shoulder 
is */go-in. wide and the ring is 0.072- to 0.081-in. 
dia. copper wire. If the round ring were not em- 
ployed and the hub were hexagonal at the junction 
with the disk, a hexagonal ring would be necessary. 
Hexagonal rings are relatively difficult to form, to 
keep in shape, and to assemble. If they are not in 
good shape to fit snugly all around, the brazing metal 
might creep away from the joints instead of into 
them. The round rings, on the other hand, are easy 
to form, to keep in shape, and to assemble. Inasmuch 
as the round ring fits snugly on the round shoulder 
of the hub, all the brazing metal goes into the joint 
where desired. Not only is the hub brazed to the 
disk and to the cup by this ring, but the same copper 
also creeps out through the joint between the disk 
and the bottom of the cup, leaving a copper fillet 
entirely around the outer seam. Thus a single ring 
of copper wire supplies the entire amount of braz- 
ing metal for the job. 


Fig. 5—At International Sil- 
ver Co., Meriden, Conn., plant 
tail cup assemblies are copper 
brazed in this mesh belt, con- 
veyor-type, controlled atmos- 
phere electric furnace. 









Fig. 6-—In the tail plug assembly, a steel screw ma- 
chine part, a stamping and a section of tubing are 
assembled with two copper wire rings and then 
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Fig. 7—The copper rings are preplaced im assembly 

and then when the complete assembly is in the elec- 

tric furnace, the copper penetrates through the joints 
as shown. 
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The furnace brazed tail cups are both tight and 
strong. Rejections for leaks in an air-pressure test 
run less than 0.20% and practically all of these are 
rebrazed and saved. In a strength test, the cups are 
set upon a cylindrical support whose inside dia. is 
2 in., outside dia. 2% in. A load of 7000 Ib. is then 
applied to the hub. Mechanical failures in this test 
are rare. 

The uniform heating of the tail-cup assemblies 
during furnace-brazing is a decided advantage in 
keeping distortion to a minimum. The bright, clean 
surfaces of the assemblies as they come from the 
furnace eliminate cleaning operations, step up pro- 
duction, and give an excellent appearance. Further- 
more, the cost of brazing the assemblies in this man- 
ner is lower than by any other method. 

In Fig. 4 is shown a trayload of tail-cup assemblies 
ready to enter a roller-hearth furnace at the Shwayder 
Bros. plant. The tail cups are double-decked for 
maximum loading efficiency and rest on ribbon-mesh 
grids on channel-type trays. Grids also separate the 
two layers of assemblies. These grids are made of 
heat-resisting alloy ribbon. Each tray holds 128 tail 
cups, 64 in each layer. At the International Silver 
Co., Meriden, Conn., the tail cup assemblies are 
copper brazed in a mesh-belt conveyor-type electric 
furnace. Fig. 5 shows them being loaded on the 
conveyor. The production is about 950 tail cups 
per hr. 


Tail Plug Assembly 


The tail plug assembly is made of three SAE-1010 
steel parts, a tube, a screw-machine part, and a stamp- 
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ing (Figs. 6 and 7). The tube is pressed into the 
screw-machine part and the stamping is pressed into 
the opposite end of the tube. Both joints are then 
copper-brazed in a continuous electric furnace. The 
assembly weighs about 3) oz. 

The tube is about %-in. in dia. and 5\4-in. long. 
The screw-machine part, or “plug,” is made from 
hexagonal stock 1¥-in. wide and %-in. long. The 
cup is about ®/;,-in. in dia. and */;,-in. deep. The 
end of the tube which receives the cup is swaged 
open on a slight taper. With the cup pressed in, the 
cup does not drop down further as the tube heats 
up and expands during the brazing operation. 

Applying the brazing metal consists simply of 
placing a ring of 0.020-in. hard copper wire around 
the tube near the plug, and another ring of 0.032-in. 
copper wire inside the tube on the top of the cup. 
The assemblies are set on pins on cast-bar trays such 
as shown at the extreme left in Fig. 4, ready to enter 
the roller-hearth furnace, at Shwayder Bros. or laid 
on the conveyor of the mesh-belt furnace shown in 
Fig. 8 at the International Silver Company’s Meriden 
plant. 

The mesh-belt furnace (Fig. 8) is used for brazing 
both the tail plug assemblies and tail cup assemblies, 
and occasionally for brazing casing assemblies. It has 
a belt of 12-gage, heat-resisting alloy wire, 20-in. 
wide and woven with ¥-in. mesh. The furnace is 
rated 100 kw. It has a door opening 10-in. high, a 
heating chamber 8-ft. long, and a cooling chamber 
24-ft. in length, with two power control zones in the 
length of the heating chamber. Its capacity is 700 lb. 
gross per hr. at 2050 F, including the work and the 
belt. 


Fig. 8—Here is the way 
in which tail plug assem- 
blies are loaded on the 
conveyor of a continuous 
copper-brazing furnace. 
Two operators, one at each 
end of the furnace, braze 
over 900 assemblies an 
hour. 
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ompressed Air Speeds 
owder Metal Forming 


HE WIDENING APPLICATIONS for powder metal- 

lurgy are creating an interest in the processing 

methods used to bond powdered metal into tough, 
serviceable, friction material. Noteworthy in these 
processes is the manner in which compressed air is 
employed at the plant of the S. K. Wellman Co., 
Cleveland. 

This company makes clutch facings and brake 
linings for trucks, farm machinery, airplanes, machine 
tools and other heavy-duty equipment. The first step 
in preparing steel backing plates for powder metal 
surfaces is to wash them for electroplating. 

In cleaning plates in a bath of heated alkali solu- 
tion, compressed air and gas are mixed for the thermo- 
statically-controlled immersion burner which heats 
the solution to 200 F and holds it at that point. The 
necessary jet effect for the flame is obtained by com- 


» 


Gas and compressed air are mixed to heat this alkali 
solution for cleaning steel backing plates before 
electroplating. The immersion burner is at left. 





Quick traverse for this molding press is obtained by 
a turn of air line lever. The aw loads the oil ac- 
cumulator tank (behind operator) 60 times faster 
than with hydraulic pump. Presses like this one mold 
powder metals for bonding to backing plates. 





pressed air as well as the improved combustion result- 
ing from the proper mixture. The same type of jet 
burner is used in the pre-cleaning process. After 
washing and acid cleaning, the backing plates are 
electroplated. 

In preparing the powdered metal for sintering, 
various kinds of metal are first thoroughly mixed to 
insure a uniform blend. Predetermined amounts of 
the mixture are then placed in molds and hydraulically 
compressed to semi-finished form. To maintain pro- 
duction speeds, each of the 10 presses is equipped 
with a compressed air-operated quick traverse. This 
traverse brings the mold into position in a number 
of seconds comparable to the number of minutes 
which would be required were a hydraulic pump 
used in the operation. The quick traverse operates 
by loading the oil accumulator tank with compressed 
air for pressure to rapidly raise the cylinder. As a 
mold press is re-loaded every 10 min., the quick 
traverse is an important production factor. 

If one step in production can be called more im- 
portant than another, the most important process 





MARCH, 1946 





comes after compressing. At this point the semi- 
finished powder metal pieces are pressed in es- 
pecially-built electric furnaces where they are sintered 
and welded to steel backing plates. Approximately 
75 rings, the number varying according to size, are 
placed in a furnace and a combination of heat and 
pressure bonds the powder metal to the backing 
plate to make it an integral ring, ready to withstand 
friction and hard usage. 

In designing these furnaces, the S. K. Wellman Co. 
decided upon compressed air to supply the constant 
pressure of about 100 psi. on a ring, because it auto- 
matically adjusts itself to the slight sag which takes 
place over the 5 to 7 hr. heating cycle. Other types 
of pressure would have to be adjusted by involved 
mechanical or by manual methods as the sag in- 
creased, it was explained. 

Does this combination of heat and pressure work? 
The answer to that can be seen in the company’s 
laboratory. Here, a large dynamometer can closely 
duplicate the speed and impact of an airplane landing 
and the vantage point for seeing and recording the 
burning, crunching punishment taken by an airplane 
wheel hitting the ground at 100 m.p.h. is better than 
in an actual landing. After 25 simulated landings, 
the brakes made from a series of these bi-metal rings 
are examined and the tests show that the team of heat 
and compressed air pressure have done a good job 
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Subzero Treatment Simplifies 
Hardening of Alloy Carburizing Steels 


by H. E. BOYER and H. C. MILLER, American Bosch Corp. 


UBZERO TREATMENT and its value in transforming 
retained austenite and the subsequent dimensional 
stability of hardened steel parts has been a project 

to which a great deal of metallurgical research has 
been devoted during the past several years. Particu- 
larly during the past four years the results of such 
research work have been widely published. Such 
publications as the paper presented by Messrs. 
Fletcher and Cohen at the twenty-sixth Annual Metal 
Congress have been of outstanding academic interest 
as well as great practical value to manufacturers. Up 
to the present time, however, it seems that the empha- 
sis has been focused on the steels of high carbon con- 
tent or high alloy types including the various high 
speed steels. Apparently very little attention has been 
paid to the carburizing steels of either the straight 
carbon or alloy types. 

As authors of this article we do not profess to be 
authorities on the subject of subzero treatment, but 
our work along this line started early in 1939, when 
we found that the problem of dimensional stability 
was very serious in making and holding extremely 
close tolerances on parts of the martensitic types of 
stainless steels. Such tolerances are frequently neces- 
sary in the manufacture of certain precision parts. 
Since the start of this work we have been constantly 
working with subzero treatment and its subsequent 
effects on many different types of hardened steels. 
Our most recent work, however, has been entirely 
with the higher alloy types of carburizing steels. The 
text of this article is therefore confined to results we 
have obtained on E-3316 steel which has long been 
known to be one of the worst offenders in the tend- 
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ency to retain austenite at normal room temperature. 
It is the hope of the authors that this information may 
be helpful to others in producing parts from steels 
which are known to have a very low Mf point, so 
that such parts will be free from retained austenite 
and in a stabilized condition after heat treatment. 

There is no doubt that the practice of subzero 
treating of steels has been used and abused in much 
the same manner as have many other processes or 
parts of processes through the years. It would indeed 
be an exceptional case if, when some new phenomenon 
were discovered or a new technique developed that, it 
could be dispensed only with complete and accurate 
information. Thus, it would be used only with intelli- 
gence and for the purpose to which it would be best 
adapted. The subzero treatment has been no excep- 
tion to the rule. It has gone or at least is going 
through the usual cycle of industrial experimentation 
after having been introduced to the public. We think 
of such a cycle of industrial experimentation after 
having been introduced to the public as consist- 
ing of three stages. First, a new process which, 
beyond a doubt possesses a great deal of merit, if 
properly handled, is introduced to industry at which 
time it is once thought by many to be the “cure for 
all evils” occurring in industry all through the cen- 
turies. Frequently such a process through exaggerated 
reports from over-enthusiastic investigators gains en- 
tirely too much momentum. This builds-up for a 
later fall. 

We regard the second stage of the cycle as being 
the period during which the process has been con- 
sidered by many to be a flat failure in accomplishing 
some of the feats which the manufacturer expected. 
This is usually due to false information even though 
the originators were probably shuddering at the 
thought of such accomplishments being expected. 
During the time the sudden interest usually decreases 
and the process receives a temporary set back from 
industry because it could not perform the miracles 
which were anticipated. The third stage is the period 
during which the first enthusiasm has died down and 
the general interest is again focused on the industrial 
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horizon, watching for some new miracle producer. 


During this time development work is carried on by 
more practical investigators who do sound thinking 
and work with scientific caution. The new process 
itself is then applied with more intelligence and to 
che accomplishment of the work for which it was 
originally intended. 

From our observations it seems apparent that the 
subzero treatment of steels has now entered the so- 
called third stage. One still hears such typical ques- 
tions as, “How much austenite can be transformed?” 
“How must the cycle of operations be carried on so 
that maximum benefit can be obtained from the low 
temperature treatment?” “How long must parts be 
kept at the subzero temperature?” “Will parts be like- 
ly to crack if subjected to the subzero temperatures 
immediately after the quench?”, and other such logical 
questions. 

It is our hope that the data which we are giving in 
this article may be of some help in answering or at 


least partially answering some of these typical ques- 
rions. 


Practical Advantages of Stabilization 


Many manufacturers have the problem of how 
economically to produce precision parts which will 
maintain close dimensions not only during manu- 
facture but after they are put into service. At a glance 
this does not appear to be a problem of great magni- 
tude though after one considers the number of varia- 
bles that are certain to be encountered the process at 
once seems to be quite complicated. Variations in the 
type of steel, including analysis, mill practice and 
machining coupled with heat treating variables and 
the ever present human element all have the most 
decided effects on the final results. Of all these varia- 
bles the human element and the heat treatment are 
probably the major ones. These two go hand in hand 
and have long been regarded as the most difficult. 

Very often large sums of money are spent by a 
manufacturer in order to machine a part to close 
tolerances and then he may spend only a small amount 
on its heat treatment. Later the part may be thrown 
away or it possibly may pass inspection and then fail 
miserably in service. In spite of all the engineering 
and fine machining, the part is no better than its heat 
treatment. Such a part does not necessarily have to 
crack in hardening, break in service or wear out, to 
be a failure. A permanent dimensional change occur- 
ring at room temperature or higher in a precision part 
can be equally as guilty in causing the part to function 
improperly or not at all. This unstable condition can 
be due to any one of the above mentioned variables. 
Usually, however, it is due to the retention of austenite. 

How does anyone know whether austenite was re- 
tained when the part was hardened? Unfortunately, 
this condition is unknown except in extreme cases 
and it is a settled fact that one could not section each 
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Fig. 1—On parts of this type stabilization is important during 
both manufacture and use. 


piece and examine such by means of a metallurgical 
microscope. It therefore becomes more practical to 
assume that all hardened parts do retain austenite at 
room temperature and then take the necessary steps 
to eliminate the condition—at least on all parts which 
must remain stable in operation. Retained austenite 
has long been a problem in the carburizing and sub- 
sequent hardening of high alloy carburizing steels 
and usually requires an expensive heat treating cycle 
to eliminate the condition. Even then whether or not 
this condition is effected is always problematical. 
Obviously any method which will eliminate this con- 
dition in an economical manner and be reasonably 
accurate is much desired. 

As an illustration, the authors had a part as shown 
in Fig. 1. This part required uniform heat treatment 
with minimum distortion and maximum stability. 
Any retention of austenite is very detrimental in the 
final lapping of the valve hole because heat generated 
in lapping makes it difficult to control size. Fig. 1 
actually shows two different types of parts though 
they are made of the same material and with the same 
accuracy. The parts under discussion are those marked 
“body.” The valves which are the mating parts also 
shown in the illustration are fitted with an allowable 
tolerance of 0.00008 in. Any material which is un- 
stable at room temperature or at Operating tempera- 
ture which is somewhat higher will cause the valve 
to operate improperly or freeze completely thus mak- 
ing the assembly worthless. 


Treating Procedures 


Standard practice in the heat treatment of such parts 
has been to pack carburize; slow cool to room tem- 
perature; reheat in protective atmosphere; quench in 
oil, temper for 2 hr.; subject to low temperature for 
2 hr.; and then retemper for 1 hr. While this method 
proved reasonably satisfactory, it was found necessary 
to increase production and, if possible, to increase 
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Figs. 2, 3, 4, 5, and 6—Photomicrographs taken after 
varied heating and cooling cycles to determine degree 
of retention of austenite. 








the degree of stability. We have tried gas carburizing, 
using many different carburizing cycles, salt carburiz- 
ing, Martempering, etc., and found that a low tem- 
perature treatment was indispensable irrespective of 
the method of carburizing and hardening if maximum 
transformation was to be affected. Low temperature 
treatment used in conjunction with the heat treating 
cycle is simple, economical, and provides excellent 
insurance that a stabilized part will be obtained. 

The photomicrographs shown in Figs. 2, 3, 4, 5, 
and 6 substantiate this statement. They show results 
obtained from a heat treating charge which was run 
during the earlier part of this investigation. This heat 
treatment was carried on in a standard Leeds & North- 
rup Homocarb furnace using the cracked dipentine 
atmosphere. The parts were carburized for 1 hr. at 
1650 F. The dipentine was pumped into the furnace 
at a rate of 120 to 130 drops per min. for the car- 


ly 








burizing period and then turned off completely. The 
oil flow was then allowed to remain turned off for 4 
hr., but a furnace temperature of 1650 F maintained. 
This allowed the case to diffuse rather than to absorb 
more carbon thereby lowering the surface carbon con- 
rent. At the end of the diffusion cycle the dipentine 
flow was turned on and allowed to run at 60 to 70 
drops per min. to maintain a protective atmosphere— 
thus preventing the formation of scale. The control 
pyrometer was then set to 1450 F (the quenching 
temperature) and the furnace allowed to cool. This 
temperature was then maintained for 1 hr. to make 
certain that the whole charge had assumed the tem- 
perature of 1450 F. The charge was then quenched 
directly into oil at room temperature. One actual part 
was Cut into sections and treated in various manners 
in order to produce the structures as shown in the 
photomicrographs. 


Results 

Fig. 2 is a photomicrograph of a cross section of the 
case taken at 350X. The edge of the specimen in all 
illustrations is shown at the top of the pictures. It 
can be noted by the tabulated data (Fig. 7) that the 
hardness of this specimen is Rockwell 59 C but meas- 
ures only 83 on the 15N scale indicating that the 
superficial hardness is very low, a fact that is well 
borne out by the large amount of retained austenite 
existing in the outer layers. This structure shows only 
a relatively few martensitic needles im a ‘matrix of 
austenite. 

In another photomicrograph, Fig. 3, also taken at 
350X, of a portion of the same test specimen as used 
for Fig. 2. The only difference in the treatment was 
that this specimen was tempered for 1 hr. at 300 F. 
It will be noted that the Rockwell C hardness dropped 
to 56 though the superficial hardness remained the 
same. The microstructure is essentially unchanged. 

The same specimen shown in Fig. 2 is shown in 
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Fig. 4 except it was rephotographed after having been 
subjected to -120 F for 3 hr. From the table in 
Fig. 7 it will be observed that the actual Rockwell C 
hardness has increased to 64 and that the superficial 
hardness also increased from 15N-83 to 91 or from 
45 to 62 Rockwell C by conversion. The transforma- 
tion brought about by the low temperature treatment 
is quite evident by the photomicrograph. 

Fig. 5 is another photomicrograph taken at 350X 
of the same specimen used in Figs. 2 and 4 except 
that it was tempered for 1 hr. at 300 F following the 
low temperature treatment: The microstructure in this 
photograph shows a still more complex transforma- 
tion, especially at the edge of the carburized case. 
This is indicated by the superficial hardness of 15N- 
91.5 (equivalent to Rockwell 63 C) though the ac- 
tual Rockwell C hardness had decreased slightly, to 62, 
atter the tempering operation. 

Fig. 6 is another photomicrograph also taken at 
350X. This one is actually the same specimen which 
was used for Fig. 3 except that it was subjected to 

120 F for 3 hr. following the tempering operation 
at 300 F before it was rephotographed. There is a 
very noticeable change in the microstructure from 
Fig. 3 as affected by the low temperature treatment 





though it is not as completely transformed as in the 
case where the subzero treatment was used prior to 
the tempering operation. This is also substantiated 
by the hardness readings from the table in Fig. 7. 
Investigation further proves that maximum benefit 
can be obtained by subzero treatment only if used 
immediately after the quench and prior to tempering 
in the cycle of operations. This has already been re- 
ported by other investigators. 


Subzero Treatment Cheaper 


Our purpose in publishing these results is actually 
two-fold. First, to further prove that retained aus- 
tenite can be transformed by subzero treatment, and 
second, to offer a relatively quick and accurate meth- 
od for carburizing and hardening such steels as E-3316 
which have very low Mr points and consequently 
tend to retain large percentages of austenite. It is 
obviously much more economical to use a subzero 
treatment rather than to run long diffusion cycles after 
the carburizing cycle. Even if we could be assured 
that complete transformation could be obtained by 
long heat treating cycles, or by cooling slowly to room 
temperature and reheating to harden, it is an expen- 
sive process. In addition, from our experience it is 
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extremely difficult to obtain uniformity. Fig. 8 shows 
graphically the time and sequence of the heating and 
cooling operations described in this article. The 
various points at which the photomicrographs were 
taken are also shown on this chart. It is quite evident 
that this heat and cold treating cycle is simple and 
rapid. Total case depth obtained from the 1 hr. 
carburizing cycle was 0.028 in. 

In attempt to answer some of the common ques- 
tions asked and mentioned earlier in this article, we 
must State again that we do not profess to be final 
authorities on the subject and that we can only give 
the results of our experience on the subject. 

As to the amount of austenite which can be trans- 
formed at -120 F we do not exactly know. We 
feel that this is somewhat dependent on the length 
of time which is consumed in being cooled from the 
austenitizing temperature to the low temperature. 
Messrs. Cohen and Fletcher have already proven that 
further transformation can be obtained by the ex- 
tremely low temperatures of -150 to -200 F or 
even lower. So far, however, -120 F seems to be 
about the lowest temperature that is practical to 
maintain for production purposes. As has already 
been stated and proven by our photomicrographs, 
there is no doubt that parts should be cooled im- 
mediately after the quench and before they are either 
tempered or allowed to age for any length of time 
at room temperature. Just what this length of time 
is we do not know. But we feel that the subzero 
temperature should be used as quickly as a practical 
cycle of operations will permit. We also have ob- 
tained a great deal of benefit by using the subzero 
treatment a number of hours or even up to a week 


after the part was quenched, thus indicating that this 
time factor is not too critical. It does seem apparen: 
that we must have obtained nearly 100% transforma. 
tion in the specimen shown in Fig. 4 since Rockwell 
64 C is certainly very close to the maximum that can 
be obtained on carburized E-3316 steel. 

As to the length of time required at low tempera- 
ture we have not as yet obtained any definite proof, 
though our experience has shown that it is not neces- 
sary to allow any more time than is necessary for the 
work to assume the temperature of -120 F. We 
allow 3 hr. after the recorder has reached -120 F 
though this may be somewhat longer than is actually 
necessary. So far we have never found a second cycle 
of the low temperature to be of any value. 

As to the danger of cracking in hardened parts 
which are subjected to the low temperature without 
any stress relieving, we all know that this has been 
a much debated subject. All we can say is that we 
have never experienced a single case of cracking that 
can in any way be attributed to this practice. We 
are, however, quite careful in loading the freezers so 
that none of the parts touch the sidewalls or bottom 
of the low temperature compartment. In all cases we 
use a medium of air rather than any liquid so that 
the work itself is not lowered rapidly in temperature. 
The work is all loaded in suitable trays or baskets so 
that the above procedure can be carried out. 

There is no doubt that benefits are accruing from 
results of research work done on this subject during 
the past seven years. It does seem that as great or per- 
haps greater benefits can be derived from its use on 
the alloy carburizing steels than on some of the other 
types discussed at great length previously. 

























































































Fig. 8—On this chart are 
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Noah vs. Daniel Webster 


To the Editor: 

| didn’t realize that Daniel Webster 
was an authority on metalworking as 
well as having his more obvious talent 
as an orator. However, your October 
1945 issue (page 1136) gives Daniel 
Webster's definition of peening. On 
second thought, maybe Daniel didn’t 
know a peen from radar; it may be 
that your office bibliographer had a 
day off when that piece passed through 
and Noah Webster failed again to get 
his proper credit. 

Peter T.- Harold 

New York, N. Y. 


This just demonstrates what pub- 
licity can do. While Noah Webster is 
famed for compiling one of our stand- 
ard dictionaries, he has been less pub- 
licized through the generations than 
Daniel Webster. Thus, Daniel often 
gets the bow when Noah did the work. 
We apologize to our readers and to 
Noah—The Editors. 


Iron-Aluminum Corrosion 
To the Editor: 

We are joining some iron tubing 
ends onto aluminum tubing which is 
being used for irrigation systems. 

Please advise whether or not we will 
be troubled with electrolysis between 
the iron screws and the aluminum. 


W. H. Harold 
Harold Electric Co. 


Walla Walla, Wash. 


Although it is unsafe to make pre- 
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dictions about corrosion behavior in 
the absence of complete information, 
im our opinion there is likely to be 
galvanic corrosion in the setup de- 
scribed. The attack will be less severe 
if the iron were replaced with copper. 
Pure aluminum (2S) would be attacked 
faster than aluminum alloys such as 
17S or 148.—The Editors. 


Supersonic Testing 


To the Editor: 

In the January issue of MATERIALS 
& METHODS the supersonic method of 
testing is discussed in two places, 
namely, on page 84 in the right-hand 
column and on page 146 in the left- 
hand column. In both places the state- 
ment is made that the supersonic in- 
spection method consists in the use of 
ultra-high-frequency radio waves. This 
is incorrect. The supersonic waves 
which are used for testing are high- 
frequency sound waves and not radio 
waves. The quartz crystal which is used 
to generate the high-frequency sound 
waves by means of piezoelectric effect 
is excited by high-frequency radio 
waves, but the waves which are trans- 
mitted through the material to be 
tested are sound waves and not radio 
waves. 


F. V. Lenel 
Moraine Products Div. 
General Motors Corp. 
Dayton 1, Ohio 


Reader Lenel is quite right in his cor- 
rection—the waves transmitted through 


the material are sound waves. Two 
methods currently used rely upon the 


. use of such sound waves. One uses a 


crystal transmitter which catches the 
reflections of the sound waves as they 
bounce back from the ends of the mate- 
rial or from flaws encountered. The 
other method employs a crystal trans- 
mitter on one side of the work and a 
crystal pick-up unit on the opposite 
side. Changes in density of the mate- 
rial caused by voids, inclusions and 
other faults change the value of the 
wave received.—T he Editors. 


Stainless Silver 


To the Editor: 

Your “Production Frontiers” review 
is always very interesting and generally 
I do not miss it. However, for one 
reason or another I skipped the No- 
vember issue and only a few days ago 
I received a letter from a friend of 
mine in Paris who asked me what I 
know about “Stainless Silver” which, 
according to your information, would 
have been developed by the Japanese. 

Being unable to answer the question, 
Which by the way interests me also, I 
would appreciate it if you would tell 
me something more about Stainless 
Silver. 


R. V. Volterra 
General Plate Div. 
Metals & Controls Corp. 
Attleboro, Mass. 


Several other persons have indicated 


(Continued on page 739) 
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By taking advantage of the high inlger- 
ent properties of N-A-X HIGH-TEMNSILE 
steel—great strength and tougfiness, 
exceptional formability, outstanding re- 
sistance to impact and fatigue, with good 
weldability and resistance to forrosion 
—manufacturers can have tMeir choice 
of two fundamental imprgvements in 
product design: 


1 Where reduction off weight means 
efficiency, lighter sectighs of N-A-X HIGH- 





N-A-X ALLOY DIVISION «+ 
UNIT OF NATIONAL STEEL CORPORATION 
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fH AND DURABILITY 





TENSILE steel can be used without sacri- 
fice of strength. Its high properties take 
the place of mass. 


2 Where increased strength and life 
characteristics are desirable, the use of 
N-A-X HIGH-TENSILE steel in the same 
sections will provide a stronger, tougher, 
longer-lasting product. 


Certainly these demonstrable .advan- 
tages are worthy of your consideration 
in the conquest of postwar markets. 


GREAT LAKES STEEL 
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an interest in this material which came 
to our attention through the Foreign 
Commerce Weekly, September 8, 1945. 
The two following letters from govern- 
ment officials throw a little more light 
on the matter —I he Editors. 


The first letter follows: 

I have your letter relative to your 
interest in “Stainless Silver.” 

May I suggest that you repeat your 
inquiry to Dr. R. R. Sayres, director, 
Bureau of Mines, since the article had 
its genesis in that agency. 

In my opinion, the use of the term 
“Stainless Silver” was rather ill-advised, 
unless it could be proved that it is a 
commercial product and can withstand 
the rigors of “shelf-age.” Incidentally, 
there is no novelty in the use of the 
term. Over a period of years many 
United States letters patents have been 
granted to inventors of “Stainless Sil- 
ver.” This immediately begs the ques- 
tion—what is stainless? The term 
substantially stainless” usually follows 
in the recital of claims. 


W. A. Janssen 
Chief, Metals and Minerals Unit 
Department of Commerce 
Bureau of Foreign and Domestic Commerce 


Following Mr. Janssen’s suggestion 
we received the following reply: 

The article in the Foreign Commerce 
Weekly. is a press release from the 
Office of Minerals Reports of the 
Bureau of Mines, based on a report for 
the State Department by Mr. Nelson 
Dickerman of the Foreign Minerals 
Div. of the Bureau of Mines. The 
Bureau of Mines has never done any 
work on stainless silver; however, the 
National Bureau of Standards did some 
work on the subject about 15 years ago 
and the reference together with a gen- 
eral review of corrosion resistance of 
silver and its alloys is given in the book 
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“Silver in Industry,” edited by Law- 
rence Addicks in chap. 15, of which 
Allison Butts of Lehigh University 
was the senior author. Patents are also 
listed, and other pertinent literature on 
the subject is in the bibliography. 

Mr. Dickerman tells me that he 
found a statement about the Japanese 
work on stainless silver in the Far 
East Yearbook of 1941 published in 
English in Tokyo. It mentions a Dr. 
T. Tanabe as the inventor of a stain- 
less silver alloy patented in the United 
States, England, Germany, France and 
Japan. 

R. R. Sayres 
Director 


Bureau of Mines 
U. S. Department of the Interior 


The book suggested by Dr. Sayres, 
“Silver in Industry,” is published by 
the Reinhold Publishing Corp., 330 
W. 42nd. St.,. New York 18, N. Y. 
—The Editors. 


Multiple Arc Welding 


To the Editor: 

The writer notes that in your review 
of welding in the January 1946 issue 
of MATERIALS & METHODS you touch 
briefly on the subject of multiple arc 
welding. Due to our need for im- 
proved welding methods for light gage 
aluminum alloy, we would appreciate 
it if you could, if possible, furnish a 
more detailed amount of information 
on this process as well as sources of 
this information. 

H. J. Laiming 
Eng. Prod. Division 


Radio Corp. of America 
Camden, N. J. 


One of the first production applica- 


tions of multiple arc welding was in 
putting the heads on 300-gal. gas tanks 
for planes. Material used was 0.081- 
in. 528-42H aluminum. Each tank re- 
quired 150-200 in. of welded seam. 

Advantages claimed for the method 
include the fact that no shielding is 
required; there is little or no porosity 
in the weld; no preheat is required, and 
extremely close heat control is possible. 
One disadvantage is that the equip- 
ment requires more room for placing 
the weld so that it is not possible to 
weld in such confined areas as when 
gas welding —The Editors. 


Boron-Containing Cast Iron 
To the Editor: 

In your issue of January 1946, page 
89, you mention the apparently new 
use of boron-containing cast iron in 
cylinder liners for slush pumps, etc. 
One of our principal operations for 
the past fourteen years has been the 
production of such an alloy and its 
application as a lining material in cyl- 
inders. These cylinders are used not 
only in the oil industry but enjoy ex- 
tensive use in rubber and plastic work- 
ing machinery. The metal and the 
method of application are covered by 
U. S. Patent Nos. 2046913, 2046914 
and 1923075. 

Oil Well Supply Co. is licensed by 
us to produce such liners and has sold 
them for many years under the name 
of Di-Hard. The Russian article from 
which your notation was derived is a 
literal translation of our patent. 


W. F. Hirsch 
General Manager 
Industrial Research Laboratories, Ltd. 
Los Angeles 15, Cal. 
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BeCause 








These seven parts are all alike—alike be- 
cause their best method of mass production 
is SINTEEL ferrous powder metallurgy. 


They’re alike because each can be molded 
in one pressing, without undercuts in 
more than one direction. They’re alike 
because, by any other means of production, 
each would require so much machining 
that labor (and equipment) costs would 
be unreasonable. They’re alike because 
each must have the properties of a steel 
—for hardness, or magnetic permeability, 
or physical strength. They’re alike be- 
cause each must be made in large quan- 


Write, phone or wire. 


AMERICAN ELECTRO METAL CORPORATION © 


tities by automa ic means—to tolerances 
measured in thousandths. 


Parts in your product might fit this same 
pattern. Parts in your product might be 
just like the seven shown above— in 
manufacturing characteristics, if not in 
form or function. 


And the way to find out is to investigate. 


Send us your parts for comment. Let’s 
see if their present design (or a minor 
variant of that design) doesn’t make 
them “naturals” for SINTEEL ferrous 
powder metallurgy—like these, which 

e “all alike.” SUL Au-or 
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| MATERIALS & METHODS MANUAL 


This is another in a series of Manuals on engineering materials and processing 
methods, published at periodic intervals as special sect .1s in Materials & Methods. 
Each of them is intended to be a compressed handbook on its particular 

subject and to be packed with useful reference data on the characteristics 

of certain materials or metal-forms or with essential principles, best procedures 
and operating data for performing specific metal-working processes. 
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by EDWIN LAIRD CADY 


During the war years the advantages of precision castings 
became known, indirectly, to many people. This naturally 
led to many ideas—some exaggerated—as to what 

could and what could not be produced by the “lost wax" 
method. Here is a comprehensive manual of the capabilities 
and limitations of precision castings as reported by 
production executives of the leading producers of precision 
castings, their suppliers and men holding patents on 

many of the processes involved. 
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Complexity of parts produced by precision investment casting are illustrated in this assortment. 


Precision investment casting is solv- 
ing so many problems for production 
men, parts designers and metallurgists 
that the rush to make use of it amounts 
to a boom. 

It is a process which spent hundreds 
and perhaps thousands of years in its 
infancy. The “lost wax” method—its 
forerunner—was probably used by the 
Egyptians for producing statuary. Yet 
its first use as a modern industrial art 
appears to have been around the early 
1930’s in the production of jewelry, 
and only within the past four years has 
it been developed enough so that large 
numbers of metal parts makers would 
give it serious consideration. 

With the exception of a baker's 
dozen of shops which have worked 
with individual phases of the process 
long enough to reduce them to con- 
trolled production line procedures 
every plant which is working pes 
precision investment casting at all i 
doing so on an experimental basis. 

New users of the process are being 
guided by the excellent sales engineer- 
ing services of the makers and sellers 
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of special equipment and supplies, 
and by professional consultants. Many 
supplies sellers are operators of plants 
and can first develop a procedure for 
making a given product, then take on a 
contract for its production, and finally 
sell the shop which uses the part a 
complete set-up for making it. 

Equipment and supply houses also 
cooperate in the training of super- 
visory labor. In some cases they will 
take the men from the customer's 
shop and train them in their own 
shops. There is no floating supply of 
machine operators or of supervisory 
personnel trained in this process; too 
few shops have employed too few men 
to create such a supply. Some shops 
are finding excellent engineers among 
the army and navy officers who worked 
with precision investment casting when 
the process was desperately needed to 
produce turbine blades and other mili- 
tary products during the war. 

In spite of the shops which have 
worked stainless steel, Stellite, jewelry 
and various nonferrous metal phases 
of the process into production line pro- 
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cedures, every phase of this process 
appears to be at least two years away 
from jelling into standard practices. 
New developments are coming along 
so rapidly that the art probably is ten 
years away from reaching the stability 
of procedures now enjoyed by forging, 
die casting, and sand casting. 

Little of the process development 
is beyond the “cut and try” stage in 
which procedures for the production 
of a given part are worked out in pilot 
operations and then applied to the 
production line. But one of the great 
virtues of precision investment casting 
is that pilot operations can be carried 
out in only a few square feet of floor 
space, or can be tried on the production 
line itself without interfering with 
regular production. 

Horizons and limitations of the 
process are nowhere in sight. And in 
spite of the slightly crystallized but 
generally amorphous state of its pres- 
ent development, precision investment 
casting is saving enormous sums of 
money and opening all sorts of new 
Opportunities to machine parts makers 
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6. 


Precision imvestment casting is a 
method of preparing a flask or “in- 
yestment” which has cavities of pre- 
cisely controlled contours and dimen- 
sions and is at a Closely controlled tem- 

rature, and of filling this flask with 
metal which is melted and poured 
under precisely controlled conditions, 
thus producing highly accurate cast- 
ings to close metallurgical specifica- 
tions. 

Each step in the process is aimed at 
producing an investment which will 
work ideally as a tool of the casting 
process. The casting process, usually 
centrifugal or else pneumatic pressure, 
can in turn be modified so that with 
a given alloy it will work best with the 
investment. Problems of the process 
are those of what the investment will 
permit the casting method to do rather 
than what the casting method will 
permit the investment to do. 

To prepare the investment: 

l. 


Study is made of the part to be 
made, to determine shrinkages 
and possible distortions in the 
casting operation, in the invest- 
ment itself, and in the patterns. 
Dispensable patterns are made of 
wax, of plastics, or of other mate- 
rials which can be completely 
evacuated from the investment. 
These patterns are fastened to- 
gether in gangs or “clusters” with 
the necessary sprues for casting. 
The clusters are placed in a flask 
and soft investment material is 
poured over them to fill the flask, 
air bubbles being eliminated by 
vibration and/or vacuum. 

The investment is hardened or 
“set” as concrete sets, the process 
sometimes being aided by drying 
out in a low temperature oven. 
The pattern cluster is completely 
evacuated by the use of heat, 
leaving the desired cavities in a 
hardened investment or “invested 
flask.” 

The invested flask is brought to 
the desired casting temperature 
which can range from “chilled,” 
or less than room temperature, to 
over 2000 F. 

The casting is poured into the in- 
vested flask. 

The investment is removed from 
the cast cluster, usually by the use 
of air hammers followed by tum- 
bling or abrasive blasting. 
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10. The sprues are cut away, thus 
separating the individual cast 
parts. 

11. Subsequent operations such as 
pickling, secondary machining and 
grinding, are performed if desired. 

When parts are large enough, only 
one with its sprue (or sprues) is 
mounted in a single flask. 

More detailed descriptions of the 
individual steps will appear later in 
this manual. 


Economics of Precision Casting 


Companies considering the purchase 
of parts made on contract by this 
process, or planning the installation 
of the process in their shops, should 
find the weights, dimensions and toler- 
ances of the parts in question and then 
arrive at cost and quality comparisons. 

The bulk of the cost of the process 
is in the preparation of the invested 
flask and getting the finished invest- 
ment to the casting process. 

Shops which have had the longest 
experience find that it costs (on the 
average) from $8.00 to $20.00 to 
bring an invested flask to the casting 
point. Exact cost figures depend upon 
the metal to be cast, the accuracies 
needed, the sizes needed, contours of 
the parts, and the burden which the 
shop in question customarily adds, in 
that order. 

Any generalized statements on costs 
are so studded with “but ifs” as to re- 
semble porcupines. With that hazard 
understood, some average cost con- 
ditions found in the industry can be 
handled. 

Invested flasks of the most common 
sizes hold from 4 to 6 lb. of metal, 
about 1/5 of which is sprues and 
other waste. Flasks of larger capacities 
are used occasionally and many of them 
are under experiment. The waste metal 
can run as high as 60%, depending 
upon the casting contour, the flask 
size and the shop methods; described 
here are results of many shops. 

Invested flasks at the casting point 
cost less for nonferrous than for fer- 
rous metals. . 

A fair typical cost for such an in- 
vested flask for nonferrous metals 
would be from $8.00 to $10.00 which 
works out to approximately $2.00 for 
each pound of finished castings. 

A fair typical cost for such an in- 


General Description of the Process 


vested flask for ferrous metals would 
be from $12.00 to $15.00, or about 
$3.00 per lb. of finished castings. 
To these figures must be added the 
cost of the metal to be cast, and the 
costs of knocking out, removing sprues, 
cleaning up the castings, and of costs 
of any secondary machining operations. 
The invested flask is a tool, and a 
tool which cannot be used a second 
time. With its cost so high there sel- 
dom is much point in casting low cost 
metals such as gray iron. The added 
costs of metals of higher strengths and 
corrosion resistances make very little 
difference, percentage wise, in the 
overall costs of the finished castings. 
Lowest costs attainable for any sizes 
of completely finished castings appear 
to be about $0.25 per casting for some 
nonferrous and $0.30 per casting for 
some ferrous castings. 
Lowest economical production runs 
depend upon accuracies and upon con- 
tours. 


When accuracies to the order of 
+0.008 in. are sufficient, the produc- 
tion of a single piece by the precision 
investment casting method often 1s 
economical, provided that the piece 
has no contours so unusual as to force 
the shop to spend a great deal of 
money upon experiments. 

When accuracies are closer than this, 
production runs must go up to pay for 
added tool costs and for closer super- 
vision of operations. 

Unusual contours on the finished 
pieces can force a shop to spend as 
much as $1,000 on experimentation 
before the molds are right and the cast 
pieces are “coming right” or are being 
produced with minimum spoilage and 
rejections. Fortunately, the established 
shops now have made parts of so many 
varying contours that only a very rare 
piece would be unfamiliar to them. 
As experimental costs go up, produc- 
tion runs must go up to absorb them. 
Tricky contours can also involve high 
tooling costs. 


Runs from 1 to 10,000 Pieces 


Minimum economical production 
runs, then, can be all the way from 1 
to 10,000 pieces, with the typical mini- 
mum for machine parts appearing to 
be within the 500 to 2000 range. 

There is no apparent limit on maxi- 
mum production runs. When con- 
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tours are intricate, tolerances are exact, 
and especially when parts are to be 
made of metals which are virtually im- 
possible to machine or grind to the 
desired accuracies, production runs of 
millions of duplicate parts have been 
economical by this process. 

Many other parts have been eco- 
nomical by this process only when re- 
quired in smaller quantities than would 
justify fully automatic machine tool 
setups. On such parts the maximum 
eiilicticn runs assigned to precision 
investment casting commonly range 
from 2,000 to 10,000 pieces. When it 
has been the shop custom to solder, 
weld, or otherwise fasten one fully 
finished part to another in the fabrica- 
tion of a completed part, then the two 
or more individual pieces can be cast 
as a single piece having structural prop- 
erties superior to the previous as- 
sembly. In these cases the production 
runs may need to reach the hundreds 
of thousands before the economies of 
machine tools and of assembling can 
overtake those of precision investment 
casting. 

Engineers who like to calculate 
everything in terms of man hours and 
to base their costs estimates accord- 
ingly will find interesting the fact 
that in one “average” shop, over a 

riod of years, average production 
was 1000 finished castings for each 10 
employees per day, or 100 per man-day. 
Production was higher, of course, on 
castings so small that 20 or more 
could be clustered in a single invest- 
ment, and lower on castings so large 
that only one could be placed in an 
investment. Costs in this shop were 
in line with those of several others 
which divuiged costs figures, that is, 
to produce nonferrous castings for 
slightly over $2.00 an average pound 
exclusive of the costs of the metals, 
and to produce ferrous castings at 
slightly over $3.00 a pound on the 


same basis. 

Observations and figures in several 
shops indicate that an original invest- 
ment of $20,000 to $25,000 for equip- 
ment, value of floor space, original 
stock of raw materials and supplies 
and original operating capital, would 
be necessary if a new shop intended to 
“start from scratch” and produce a 
volume ranging from $100,000 to 
$125,000 a year at a net profit of from 
10% to 15%, sales prices for the cast- 
ings being taken at the 1945 figures, 
and metals cast being those ordinarily 
called “common nonferrous” and “alloy 
steels” and not the precious metals 
which would raise the sales prices and 
the business volume calculations much 
higher. 

A production unit of this size can 
be set up in 1000 sq. ft. of floor space. 
It involves a minimum of materials 
handling equipment and of other 
mechanization. Units of much higher 
capacities can greatly reduce their over- 
all production costs by mechanization. 
In fact, the savings in costs of intricate- 
accurate parts made by this process and 
the opportunities offered to machine 
parts designers have been so great that 
shop mechanization has largely been 
overlooked in the rush to get the 
process into operation. 

Competition is likely to bring more 
mechanization in the near future. Capi- 
tal equipment investments seems likely 
to rise to at least $5,000 per employee 
instead of the $2,500 which now seems 
to be common. There are a few high 
production shops right now in which 
the capital investment is well above 
the $5,000 per employee figure, and 
these shops are proving themselves 
able to take business of some kinds at 
prices which the lower investment per 
man shops are turning down. 

The exact effects of increased mech- 
anization are not fully known. Too 
few of the really big shops have reached 


full production. A shop having more 
than $200,000 worth o buildings and 
equipment has a projected capacity of 
$300 a year for each $1.00 of inves. 
ment, based upon solid 50-week work 
years and upon receiving 1945 prices 
for the output. But this shop has yet 
to work a full year to prove what it 
can do under actual operating cop. 
ditions. 

Companies intending to enter this 
field should study the patent picture 
carefully. More than 20 patents on the 
process itself and upon various phases 
of it have been issued, and as many 
more appear to be pending. Very few 
of these patents have been in the law 
courts to an extent sufficient to make 
their validity legally clear. Royalty 
and license fees, when any are charged, 
seem to run about 5% of the fair value 
of goods produced under any one 
patent or group of patents. 

The trained parts production en- 
gineer will recognize that these 
averaged and generalized figures, and 
others which will appear in this manu- 
al, are adequate only to show the gen- 
eral field in which precision invest- 
ment casting belongs. They are no 
substitute whatever for making in- 
quiries direct to the equipment makers, 
supply houses, patentees and manufac- 
turing contractors which serve this 
field. The use of such generalizations 
can be justified only by the fact that 
this process is so new to industry in 
general that not more than one in one 
thousand manufacturing plants, ma- 
chine shops and foundries which could 
make profitable use of it appear to 
know enough about it to form opinions 
as to where it can profit them and 
where it cannot. A year or two from 
now, when the American Foundrymen’s 
Association has finished a study which 
is just getting under way, more accu- 
rate general figures tegarding precision 
investment casting will be available. 


Design Factors in Precision Investment Castings 


Precision investment castings Cost so 
much to produce that they usually are 
bought, sold and calculated on a “per 
piece” or “per hundred or per thousand 
pieces” basis rather than on the per 
pound basis that usually applies to 
castings. Nevertheless, in designing 
them it is necessary to think in terms 


744 


of pounds or ounces of metal vs. di- 
mensions, structural design, tolerances, 
contours, surface smoothness or finish, 
and alloys used. 

The best time to think about pre- 
Cision investment casting as a way to 
produce a given piece is before that 
piece is on the drafting board. When 


it is in the planning stage, the part can 
be modified to fit whatever production 
method is selected for it, and changes 
leading to reductions in its cost and to 
improvements in its performance are 
easiest to make. 

Precision investment casting shares 
this situation with screw machine op- 
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This supercharger impeller 
represents one of the largest 
precision castings made on a 
production basis. 
approximately 25 lb. and has 
an overall length of about 16 
in. The part is made of both 
magnesium and aluminum 
alloy. (Courtesy: 


Corp.) 


erations, stamping, die casting, forging 
and every other metal forming or fab- 
rication method. When a piece is orig- 
inally planned for production on the 
screw machine, the engineer will plan 
to remove as little metal by machining 
as he can and to let the various sec- 
tions of the piece come as heavy as 
they may; he will establish some toler- 
ances which are not necessary to the 
final functioning of the piece but are 
needed for setting up the piece in 
lathes or other machine tools for sec- 
ondary operations; he will estimate 
stresses and strains in terms of the di- 
rectional differences in strength com- 
monly ‘found in bar stock and establish 
some of his sections and contours ac- 
cordingly; he will select the most ma- 
chinable alloy he can and will design 
sections heavy enough to compensate 
for any loss of strength in the alloy 
which may accompany its improve- 
ment in machinability. When he gets 
through he has sections, tolerances and 
contours ideal for the screw machine 
but not good for stamping, forging 
or precision investment casting, each of 
which has its own design factors. 
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Precision investment casting design 
is almost opposite to that of screw ma- 
chine parts. 

Precision investment design avoids 
heavy sections. It does not need them 
either to avoid the machining-away of 
metals or to compensate for directional 
strength in the alloy or to compensate 
for the sacrificing of strength to pro- 
cure machinability. It is penalized to 
some extent by heavy sections in that 
a light section adjacent to a heavy one 
can be a casting problem. 

Likewise, this process eliminates 
many secondary machining operations 
and many hardening and subsequent 
grinding operations. Therefore, it 
avoids the need for holding many di- 
mensions to close tolerances; also the 
need for making dimensions oversize 
to provide for heat treatment warpage 
and to leave grinding stock. 

Many of the most exacting machin- 
ing and stamping operations are to 
permit subsequent joining of parts. 
Typical of these are threading, drill- 
ing and tapping, tapering, grinding to 
the close limits needed for force or 
shrink fits, finishing to close dimen- 





sions and surfaces for welding or braz- 
ing. Extra thick sections can be pro- 
vided to have enough strength at the 
fastening. Precision investment cast- 
ing can avoid much machining cost 
necessary to provide for assembly and 
much of the assembly operation cost, 
by casting two or more parts integrally. 
The assembly may need redesign to fit 
it to this process. The process may per- 
mit redesign which will improve abili- 
ties of the assembly to do the job for 
which it was designed. 

For heavy sections precision invest- 
ment casting design prefers to substi- 
tute thin walls with ribs, fillets and 
other strengthening design members. 
When extra strength or stiffness is re- 
quired, precision investment casting 
prefers to use stronger alloys; it can do 
so at little extra metal cost and some- 
times at actual saving because it wastes 
almost nothing to scrap and because 
of the high strength-for-size ratio of 
its designs. When abrasion resistance, 
corrosion resistance and similar prop- 
erties are wanted, this process prefers 
to obtain these also by the use of 
superior metals. 
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be overwhelming before he can go 
through the shop engineering and sales 
engineering costs of quoting with any 
reasonable hope of getting the business. 

Frequently the designer can take 
his dream designs, the ones he passed 
up because they were too costly to 
fabricate, and send them to the pre- 
cision investment contractor for pro- 
duction. He will have to do more 
than dust off the blueprints and mail 
them. He will have to make changes 
leading to higher values with lower 
costs. But in thousands of instances 
this process has given him the parts 
he despaired of getting. 

The functional design of every ma- 
chine part is a combination of com- 
promises. Accuracies are sacrificed to 
keep within permissible costs, con- 
tours and weights to keep within 
strengths of materials, corrosion and 
abrasion resistance to avoid production 
difficulties, and so on. Compromises 
appear in everything from the simple 
bolt and nut to the most complex in- 
termittent or varied motion assembly. 
Precision investment casting can mod- 
ify or eliminate many of the most 
bothersome compromises and thus re- 
move shackles from designers. But 
when screw machine operation or other 
production means are yielding satis- 
factory parts at low cost, when some 
other production means finds a part 
highly suited to it, precision invest- 
ment casting is not likely to cut the 
cost on that part. This process has its 
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To produce a part on which 
angles are in close align- 
ment, a shroud was pro- 
vided on the wax pattern. 
After the casting is poured, 
the shroud is cut off and 
an accurate part, with all 
openings having parallel 


sides, remains. 


own limitations, its own compromises. 

One highly successful designer of 
parts to be made by the precision in- 
vestment casting method follows this 
working sequence: 

1. Study the complete design of the 
machine for which the parts are 
to be made, and gang into single 
castings all of the present small 
parts which now are fastened to- 
gether by various means but rea- 
sonably could be combined into a 
single casting. This can mean that 
only one present part will be re- 
placed by a single casting, or it can 
mean that as many as four or even 
more parts which now are made 
individually and then assembled to- 
gether will be redesigned into a 
single integral casting. 

2. Having made a drawing of these 
present parts assembled together, 
blow that drawing up until it is 
10 or 20 times its true size. 
Estimate the stresses, strains and 
other service factors of the as- 
sembly, and similarly increase them 
until their figures are in proportion 
to the blown up drawing. This 
usually means increasing the fig- 
ures to exactly the same extent that 
you increased the size of the draw- 
ing, but the engineer must use his 
judgment and common sense. 

4. Now proceed as if the blown up 
drawing were the true size and you 
were going to design it into the 
strongest but lightest weight and 


We 


thinnest section static casting ade 
quate for its service factors. Use 
ribs, fillets and all other strengthen 
ing design members in it. 

Repeat step 4 but modify the de 
sign to suit the strength factors of 
the strongest obtainable alloys, or 
the corrosion and abrasion resist. 
ance factors of the most resistant 
metals, in accordance with the 
service conditions which the part 
is to meet. Pay no attention to the 
machinabilities of the metals; this 
process eliminates nearly all ma. 
chining operations. Pay little at 
tention to the comparative costs 
of various alloys, excepting, 0! 
course, as you would avoid substi- 
tuting platinum for stainless steel; 
this process wastes so little metal 
to scrap that the effects of alloys 
costs upon final cost are slight in 
comparison to the savings of 
pounds of material by taking ad: 
vantage of metal-strengths to re- 
duce thicknesses of sections. 
Reduce the final blown-up dravw- 
ing to the actual. size, recheck all 
strength and service factors, make 
sure that the casting is within the 
limitations of the process as shown 
in various parts of this manual. I! 
found to be outside of those limi- 
tations, check up with contracting 
shops in the industry and find out 
whether or not they care to quote 
on it, or what design modifications 
they suggest. The process limits 
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rions shown in this manual are 
only general and the industry is 
removing limitations from itself 
every day, nevertheless the most 
practical field for precision invest- 
ment castings lies within the limi- 
rations shown here. 

This method serves to take the pre- 
cision investment casting design up 
into dimensional fields with which the 
average designer of castings is more 


familiar. 


Size of Parts 


The typical precision investment 
casting weighs more than 1 gram and 
less than 8 oz., has no section con- 
tinuously thicker than 0.25 in. or 
thinner than 0.40 in., and has no di- 
mension longer than 2 in. It is within 
this range that the process seems to 
have its widest general field of use- 
fulness. Prices per finished’ piece or 
per pound of completed castings seem 
to be lowest in this range, all other 
factors such as material costs being 

ual. 

The typical contracting shop seems 
to be set up to cast no dimension 
larger than 5 in., no weight of a 
single casting greater than 5 Ib., and 
no section continuously thicker than 
0.375 in. or thinner than 0.035 in. 
And to achieve a weight per casting 
of over 1 Ib. or a section continuously 
thicker than 0.25 in., the general run 
of contracting shops would have to do 
a great deal of pilot plant experiment- 
ing. 

When a section is not continuous 
in thickness but is in successive gradi- 
ents of thickness—examples would be 
wedges, gear teeth, turbine blades— 
then it is practical to bring its thinnest 
edge down to 0.015 in. or even less. 

Pieces of dimensions and weights 
far beyond these general limits are be- 
ing cast by the precision investment 
method on a commercial basis. They 
are more costly on a per pound basis, 
but they justify themselves by being 
less costly to produce by this method 
than by any other or even by the fact 
that this method is the only known 
way to make them of the desired metals 
at commercially practical prices. 

The extremes of commercial sizes 
and weights seen during the prepara- 
tion of this manual were: 


Thinnest continuous section: 0.005 in. 
on a piece measuring 0.25 in. long 
by 0.125 in. wide. 

Thickest continuous section: 5 in. 

Longest dimension of any section: 18 
in. 
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Heaviest weight of a single casting: 
35 Ib. of stainless steel. 
Thinnest edge on a noncontinuous sec- 


tion: 0.005 in. 

It should not be assumed that these 
are the extremes of sizes that anybody 
is casting anywhere. Many shops are 
keeping secret their experimental and 
even their extreme commercial devel- 
opments. 


Relation of Section Thinness 
to Dimensions 


As stunts, shops have captured cock- 
roaches, invested them in investment 
materials without duplicating them in 
wax, led wax sprues to them, baked 
the invested flasks to remove the wax 
and as much of the insect body as 
would burn away, poured in bronze 
by centrifugal casting methods, and 
come out with bronze cockroaches 
mounted on sprues. Flies and spiders 
have been similarly cast. All the fine 
details of the wings of the fly, the legs 
of the cockroach and even some of the 
hairs of the spider have been brought 
out. This can be done because the 
body of the insect, together with the 
sprue, forms a heavy section of metal 
from which the thin sections can draw. 

Inordinately thin sections seem to 
need to be connected to thicker sec- 
tions, which means that they either 
must be integral with thick sections of 
the parts being made or else that they 
can be produced only by disproportion- 
ate weights of sprues to useful parts. 

There also is an unexplored rela- 
tionship between the thickness of the 
section and the width as compared to 
the length. Thus a “hair” or wire seems 
to be castable in thicknesses as little 
as 0.002-in. and length of over 2 in., 
the exact length being unknown since 
the information was gleaned when 
0.002-in. vent holes were put in ex- 
perimental invested flasks and the cast 
metal formed the wires by filling those 
holes. 


Sections 0.25 in. long by 0.125 in. 
wide have been cast 0.005 in. thick. 

Sections 0.75 in. long by 0.50 in. 
wide have been cast 0.020 in. thick. 

Sections 1 in. long by 1 in. wide have 
been cast 0.025 in. thick. 

Sections 4 in. long by 4 in. wide have 
been cast 0.030 in. thick. 

Sections 0.040 in. thick seem to be 
castable to any length and width 
that the invested flasks will take. 


It is unwise, unless absolutely nec- 
essary, to design any section continu- 
ously less than 0.030 in. thick, and 
0.040 in. is greatly preferable. Thin 
sections usually occur in designs which 


have curved contours, have ribs, or have 
other means of stiffening the pieces. 


Threads, Holes, Contours 


Threads, either internal or external, 
of any sizes from those used on in- 
strument and watch screws to those 
large enough to be 0.25 in. or more 
thick at the roots can be produced. 
Very seldom are their accuracies closer 
than number 2 fit. 

Contours of threads, of gear teeth 
and of similar shapes are easier to 
produce than it is to hold their ac- 
curacies. The subject of accuracy is 
discussed in another part of this 
manual. Any known thread contours 
can be produced by this method, and 
so far as true and accurate contour of 
a thread form is concerned, the process 
is satisfactorily accurate for the great 
majority of purposes. However, when 
long threaded sections are needed 
there can be problems of accuracy of 
pitch. The process is generally, but 
not completely, limited to accuracies 
to the order of +0.003 in. per in. of 
dimension, which is more tolerance 
than certain thread pitches can stand 
on some long threaded sections, since 
the effects of pitch inaccuracies tend 
to be cumulative over long threaded 
sections. 

As is the case with most applica- 
tions which need closer accuracies 
than are normal for precision casting, 
threads which are highly accurate in 
pitch over long threaded sections can 
be had if their extra costs are justi- 
fied. Those extra costs are caused (1) 
by higher tool costs for the produc- 
tion of the expendable pattern, (2) 
by high rejection rates in the inspec- 
tions of the finished parts, and (3) 
by the costs of extra close control of 
all steps of the process. 

Internal threads are likely to be 
“cleaner” than external ones in that 
the internal threads in the expendable 
patterns usually are formed over 
threaded cores which chase the wax 
threads as the cores are backed out, 
and in that internal threads so pro- 
duced have no parting lines. External 
threads are not chased or cleaned up 
unless absolutely necessary, and com- 
monly will show two or more faint 
vestiges of parting lines at the points 
where the expendable pattern molds or 
dies separate to permit removal of 
the patterns. The number of parting 
lines depends upon the number of sec- 
tions in which the die or mold is 
made. Seldom are these parting lines 
visible on finished castings unless the 
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observer looks carefully for them; al- 
most never do they affect the per- 
formance of the threaded section. The 
parting lines can be cleaned up or 
eliminated if necessary. 

Holes, recesses and chambers of 
large diameters can be of any sizes 
which will leave adequate thickness 
of sections in the walls of the piece. 
They can be of any shape. Chambers 
can have entrances smaller than their 
main diameters, and these entrances 
can be led to the chambers from any 
angle or any part of the surface of 
the casting. 

Holes can be round, square or of 
any desired shape, and can follow 
curved paths, angular paths or tortu- 
ous paths as well as straight paths, as 
desired. 

Small holes down to 0.050 in. dia. 
can be cored into castings by most 
shops. Even smaller diameters can 
be produced, dependent upon their 
lengths, their locations, their depths, 
and whether or not they are to be open 
at both ends so the tiny rods of in- 
vestment, which will keep them open 
as the castings are poured, will be 
supported at both ends. 


Contours vs. Accuracies 


Extremely severe undercuts can be 
produced, but they usually require 
higher costs in molding expendable 
patterns, knocking out the investment 
after the casting has been made, and 
in final inspection of the parts. 

There seems to be no limit to the 
fineness of surface detail that can be 
picked up; details as fine as the engine 
turnings on the backs of old fashioned 
pocket watches will come out per- 
fectly. Sections of extremely fine de- 
tail can be contiguous to sections hav- 
ing highly polished surfaces or can 
be at the bottoms of recesses which 
cause thin walled sections to be next 
to heavy walled sections. 

So far as details of contours are 
concerned, then, there seem to be very 
few limitations on the shapes and 
finishes that the process can produce. 
Dimensional accuracies of these con- 
tours are another matter. Accuracies 
should notrbe specified any closer than 
functions of the part demand. Too 
many designers run their precision 
castings costs too high merely because 
they are accustomed to designing for 
stamping or for other processes which 
either must produce to certain ac- 
curacies or not produce the contours 
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at all. As one highly experienced de- 
signer of precision investment casting 
parts expressed it: 
“Don't ask us to do stunts and don’t 
aim at impossibilities. Aim to save 
money and to improve your product 
by this process and you will hit 
what you aim at.” 


Hollow Parts 


Precision investment castings are 
made hollow to provide passages 
through which liquids or gases can 
flow, to reduce weights of parts, to 
provide convenient means of parts 
assembly, to give parts large exterior 
dimensions while avoiding the pat- 
tern and investment troubies of thick 
sections, to obtain dimensional ac- 
curacies which because of metal- 
shrinkage phenomena are sometimes 
easier to hold with thin sections than 
with thick ones, and to reduce the 
weight of high cost alloy used per 
casting. The change from solid sec- 
tions where bulk is required to thin- 
walled hollow ones often is the hard- 
est mental transition for the parts de- 
signer to make when he begins to 
work with precision investment Cast- 
ings. 

Insofar as is practical hollow parts 
should have clear through passages 
having two or more openings of at 
least 0.25 in. widths or diameters. 
These passages do not have to go 
straight through, they can follow 
curved or angular paths, and they can 
vary in width or diameter and in 
cross-sectional shapes, as desired, at 
any points along their lengths. Their 
purposes are to provide the structural 
strength of two or more end supports 
for the core of investment about 
which the molten metal must flow in 
the pouring of the casting, to simplify 
the molding or forming of the ex- 
pendable pattern, and to reduce the 
costs of knocking out the investment 
after the casting is poured. 

Hollow castings can range from 
those which have holes clear through 
them to those which are completely 
closed shells with no openings at all. 

Completely closed shells can be 
made by three methods which are in 
fairly common use, and perhaps by 
other methods. 

The first method is used when there 
is no objection to leaving some in- 
vestment material inside the shell. 
A piece of investment material the 
size and shape of the desired hollow 





is molded and allowed to ser. 
piece can have uninterrupted surf 
or it can have recesses for the pur 
pose of providing strengthening ~ 
and other shapes inside the shel. The 
piece then is surrounded with q will 
of expendable pattern material of th 
thickness desired in the shell and oy 
the exterior shape desired and js jp, 
vested with sprues and is cast in the 
regular way. 

The second method provides a thir 
walled closed shell of a metal having 
a melting point equal to or higher 
than that of the alloy which is to 
cast about it, a few tiny perforation; 
being made in it to prevent its burs. 
ing from air pressure when the Cast 
metal is poured around it. The e. 
pendable pattern material is formed 
about it as in the first method, by; 
this step can be performed unde; 
vacuum to exhaust most of the ai 
in the shell. The piece then is invested 
sprued and cast in the regular way. 

The third method is like the firs 
except that openings are cored-in s 
the investment can be removed from 
the shell interior, these openings are 
closed later by welding or other means 
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Accuracy 


If asked to what accuracy he could 
produce by precision investment meth- 
ods, an experienced contractor would 
be likely to ask in turn: “On what 
dimension or dimensions, of what size 
and shape of piece, made of what alloy, 
and in some instances, with what per. 
missible sacrifice of alloy grain struc. 
ture or of the strength of the part?— 
This slightly lowered strength to be 
found in some cases at the part section 
where the high accuracy is held and 
in other cases at other sections of the 
part.” 

Accuracy can be of several kinds or 
categories. In common with all meth- 
ods of producing metal parts, precision 
investment casting does not achieve 
accuracy equally well in all categories. 

1. Dimensional or “cross sectional’ 
accuracy. Example: measuring directly 
or diametrically across a cylindrical 
section. Here the process is at it 
greatest dependability in accuracy. 

2. Parallel accuracy of two sections 
which may or may not be in the same 
plane. Example: The two long sides 
of an H-shaped section are to be kept 
in true parallel. Here, dependent upon 
relative thicknesses of sections and 
other factors, the castings can be sub: 
ject to run out troubles so they tend 
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Here is a view of a cluster 
of herringbone gears show- 
ing how they were grouped 
casting. 
(Parts courtesy of Austenal 


for economical 


Laboratories, Inc.) 


to have concave shapes rather than the 
true straight sides of an H. On a U- 
or a Y-shaped section the open ends 
may tend to spread too far apart, or to 
do the opposite and bend inward, in 
either case destroying the true parallel- 
ism or angularity desired. 

The producer has ways of dealing 
with these troubles and of bringing 
his parallel accuracies into line. Usually 
this requires development of methods 
by pilot plant operations which must 
be justified by higher prices or by 
higher production runs. 

3. Angular accuracy. Example: a 
thin projection on a thick section is 
to be at an angle of exactly 30-deg. 
from the surface or plane of the thick 
section. As with. parallel accuracy, 
there are likely to be run out troubles. 

4. Contour accuracy, such as fe- 
quiring that a surface be a true flat 
plane, or truly spherical, or to a true 
cam shape. This is easy to produce 
within limits when all sections of the 
piece as measured from that surface 
are of equal thicknesses. But when 
the surface is a continuation of thick 
and thin sections, there are likely to 
be run out troubles. 

5. Surface finish accuracy. Polished 
surfaces can be secured on some metals, 
and the type of finish is highly con- 
trollable on all metals. But “super 
finish” accuracies which would be 
measured in millionths of an inch are 
not to be attempted in the present 
state of this art. 

Surface finishes intended to give 
various decorative effects, and surfaces 
intended to give specified “skin depths” 
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or skin effects for subsequent machin- 
ing or grinding, can be supplied. 

Cleanliness of surface, surfaces which 
are free of blow holes and like de- 
fects and which are pleasingly uni- 
form in color and finish, are common 
to this process. 

The confusing number of categories 
or kinds of accuracies, and the ways 
in which this process differs from 
other fabricating methods in almost 
automatically bringing accuracies with- 
in certain figures, has made precision 
investment castings producers wary of 
the whole subject of accuracy. The 
problem is not that of providing nec- 
essary accuracies but of meeting cus- 
tomer’s specifications of unnecessary 
ones. 

One example of what happens is a 
part which previously had been turned 
out on turret lathes. Precision invest- 
ment casting would permit several fea- 
tures to be added to the part design 
and would reduce its cost as well. 
When the final blueprint came through 
it showed accuracies on some dimen- 
sions which were impractical for pre- 
cision casting unless the process were 
to be carried on at much higher costs 
than the quotations had covered. In- 
vestigation showed that these were 
the accuracies to which a highly ac- 
curate turret lathe would automatically 
turn the part when making cuts which 
had no other purpose than to clean 
up the part and improve its appear- 
ance. Since the appearances of pre- 
cision investment castings would be 
far better than needed and no clean- 
ing up operations were necessary on 





them, these penalizing tolerances were 
eliminated. 

In another case the customer sup- 
plied a master pattern which had been 
used for other forms of casting hav- 
ing about the same shrinkages as pre- 
cision casting. He wanted the higher 
accuracies of precision investment cast- 
ing and he specified accuracies as close 
as the process can deliver. Measure- 
ment of his master pattern showed it 
to be so inaccurate that castings made 
with its use could not even reach those 
ordinary to the process, let alone the 
extreme accuracies he had specified. 

The best way out of the maze of 
accuracy questions is a full and frank 
discussion of parts designs and the 
reasons for accuracies with the con- 
tracting houses. Or, if a plant is mak- 
ing precision investment castings for 
its own use, much help can be had 
from the sales engineers of the sup- 
plies and equipment houses. These 
discussions will come down to specific 
accuracies on specific sections or areas 
of the parts. They result in reduced 
costs on improved parts. 

For discussion of the accuracies 
that can be achieved, precision invest- 
ment casters use reference points, 
reference lines or reference areas, and 
then specify tolerances and limits in 
thousandths of an in. per in. of dis- 
tance from these. 

If a micrometer were being used to 
measure the diameter of a cylinder, 
for example, then the anvil of the 
mike would be the reference point and 
the distance from the anvil to the 
spindle as closed on the piece would 
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be expressed as inches or parts of an 
inch to which the tolerance in thou- 
sandths would be applied. 

The true axis of a cylinder would 
be a reference line. The true base of 
a part having a flat base would be 
a reference area. The allowable run 
out of a thin section which is at an 
angle to a reference line would not be 
expressed in degrees and minutes of 
the angle but in thousandths of an in. 
per in. of progress of the measuring 
instrument along the reference line. 


Tolerances Possible 


With all tolerances reduced to thou- 
sandths of an in. per in., well estab- 
lished contractors vary widely in their 
opinions as to what “as cast” accuracies 
of the process should be called com- 
mon. They can be broken down into 
groups: 

Group 1. Specifies +0.004 to 0.005 
in. per in. as the closest 
tolerance for most work. 
This works down to +0.001 
in. for dimensions of 0.25 
in. or less as the finest tol- 
erance to be held. For ex- 
ample, on a solid cylindri- 
cal area of 0.25 in. dia. the 
very closest tolerance would 
be +0.001 in, for any 
smaller diameter the toler- 
ance would be the same, 
if the diameter were in- 
creased to 0.50 in., the tol- 
erance would be +0.002 
in., and so on. 

Group 2. Specifies +0.003 in. per in. 
and applies this in straight 
line to dimensions down to 
about 0.0015 in. for a di- 
mension of 0.50 in. But 
from 0.50 in. downward 
the 0.0015 in. tolerance is 
constant to about 0.25 in. at 
which the tolerance reaches 
its low point of +0.001 in. 
This group is by far the 
largest one. 

Group 3. Specifies +0.002 in. per 
in. does not like to go be- 
low 0.001 in. on any 
dimension, but can get 
down to +0.0005 in. on 
occasion. 

Group 4. Specifies --0.001 in. per in. 
Will get down to +0.00025 
in. ON some sections in some 
alloys. 

It should be made clear at this point 
that these are the tolerances specified 
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by production engineers who are oper- 
ating this process on a day by day 
basis—the figures represent a survey of 
actual production lines and of experi- 
mental shops. Moreover, similar groups 
of ordinary working accuracies, al- 
though not to the same tolerances, of 
course, would be found if a similar 
study were made of automatic screw ma- 
chine operators, stampings producers, 
or any other fabrication method. 

The average of the whole process 
would work out to “as-cut” tolerances 
of 0.003 to 0.004 in. per in. with 
+0.001 in. on small dimensions the 
very finest ordinary tolerance, but with 
+0.0005 in. or even 0.00025 in. at- 
tainable on some dimensions of parts 
made of some alloys. The nonferrous 
alloys seem generally to be castable to 
finer tolerances than the ferrous. No 
tolerance finer than 0.002 in. should 
be demanded unless there is a com- 
pelling reason for it. 

Comparisons of the ways in which 
these tolerances work out for various 
parts will suggest to the engineer the 
ways in which this process can fit his 
problems. 

Example 1: A solid cylindrical piece 
0.25 in. in diameter and 2-in. long 
threaded throughout its length. With 
its true axis taken as the reference line 
it could vary in straightness to the 
order of 0.001 in. per in. of length 
but these variations would be minor at 
any point; it would not take the form 
of an arc of a circle. Its diameter would 
be true to 0.001 in. The thicknesses 
of individual threads at any points of 
their cross sections would be true to 
«0.001 in. and probably would be 
much closer than that. The possible 
error in pitch over the length of the 
piece would be 0.003 in. per in. or 
+ 0.006 in. for the whole 2-in. length. 

Example 2: A spur gear having a 
pitch diameter slightly over 1.0 in. 
The pitch diameter would be true to 
+0.003 in. The concentricity would be 
measured with the bore or shaft center 
line as the reference line and would be 
£0.0015 in. Thickness and contours 
of sections of individual teeth would 
be +0.001 in. or closer. 

Example 3: A tapered piece in the 
form of a right angle triangle having 
one leg 3.0 in. long, the other leg 
1.0 in. long, the hypotenuse to serve 
as the taper. The point of this could 
be as thin as 0.015 in. or even 0.005 
in., in either case 0.001 in. The 
length could vary by +0.009 in. and 
the height, if the taper were con- 
sidered to be a slope, by 0.003 in., 





so that combinations of those two 
variations could make significant dif. 
ferences in degree of taper, the impor. 
tance of those differences dependin 
upon the purposes for which the piece 
is made. 

Example 4: A disk 5-in. in dia 
such as might be used as the balj 
spacer or retainer for a flat raced ball 
thrust bearing. Perforations 1/16 ip 
dia. are cored into this disk to receive 
the balls. The perforations are ar. 
ranged in rings or circles which are as 
concentric with the axis of the disk 
as the casting process will make them. 
The first ring is 1 in. in dia., and each 
successive ring is 1 in. larger in dia, 
The perforations at each ring are as 
close to 2 in. apart as measured along 
that ring as the process will make 
them. 

The first ring, then, will have a 
radius of 0.50 in. and will be concen- 
tric with the axis of the disk to 
+0.0015 in. The second ring will be 
concentric with that axis only within 
+ 0.003 in. per in. of its radius. The 
rings can vary from being true circles 
by the same tolerances. 

Nevertheless, each perforation no 
matter what its distance from the axis 
will have a diameter of 1/16 in. 
*0.001 in., and the perforations will 
be equally spaced in their center to 
center distances as measured along the 
lines of their own rings to +0.0015 in. 

This being a circular disk, the laws 
of shrinkage would operate to produce 
true concentricity of all the rings if 
all operations were carried out per- 
fectly. 


It is conceivable that a contractor 
might make a mold having a cavity of 
perfectly circular periphery, keep the 
centers of all the inserts or bosses for 
the perforations on perfectly circular 
rings, keep the mold so all its parts 
are at constantly equal temperatures 
sO expansion and contraction would 
throw no rings out of concentricity, 
inject the wax or other dispensable 
pattern material in such manner that 
there are no strains in it and it will 
shrink and set in perfectly circular 
form, carry out the sprueing, invest- 
ing, burning-out and casting operations 
with equal accuracy, and thus come out 
with a casting in which all the rings 
of perforations are perfectly concen- 
tric. Such an operation is possible but 
improbable. 

Example 5: A solid section is 2 
in. long, 1 in. wide and 4 in. high 
Its tolerances then are, respectively, 
£0.006 in., 0.003 in. and 0.0015 in 
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To save metal and avoid casting trou- 
bles of thick sections it is redesigned 
;o be hollow but with a supporting 
wall down the middle; the design now 
resembles an open ended box with a 
lengthwise partition down its middle. 
The wall thicknesses can be true to 
+(.001 in. although 0.0015 in. or 
0.002 in. would be preferable. The 
rolerances on its length, width and 
height would be unchanged. 


Selective Accuracy 


Example 6: A double ended stud 
having one end threaded RH and the 
other LH is to be 4 in. long. The 
threaded portions at each end are to 
be 3@ in. in dia., and the threads are 
ro extend 4 in. along them. This 
leaves a shank section 3 in. long be- 
tween the threaded ends. The shank 
section is to be relieved so it is only 
\4 in. in dia. 

It is certain that the accuracy of the 
finished piece can be no greater than 
that of the dispensable pattern, the 
pattern accuracy no greater than that 
of the mold, and the mold generally no 
greater than that of the master pat- 
tern—although it is practical to some 
extent to “touch a mold up” for im- 
provement in its accuracy. 

If the designer demands the high- 
est accuracy in all sections ofthis piece 
then the master pattern will be costly 
to make and so will the mold. More- 
over there will be high rejections of 
dispensable patterns due to inaccuracies 
in them, and high rejections of fin- 
ished castings due to various errors 
along the production line. 

With every dimension highly ac- 
curate the diameters of the threaded 
ends will come to 0.002 in. by aver- 
age shop practice casting methods, the 
lengths of the threaded portions to 
€0.002 in., and the diameter of the 
shank to 0.001 in. or in some shops 
0.0015 in. 

Let the designer permit the shank 
diameter to come to 0.003 in., or 
even better, 0.004 in. and the con- 
tractor can concentrate on bringing 
those threaded ends to their highest 
accuracies. With equal cost figures the 
accuracy and finish of the master pat- 
tern and of the mold can be brought 
to the highest at those all important 
threaded ends. The wax or other dis- 
pensable pattern material can be in- 
jected at higher pressures at those end 
portions, and the setting of the pattern 
can be controlled sé those ends will 
hold true. The invested flask can be 
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In precision casting some tolerances are more 
difficult to attain than others, thus the part to 
be produced must be studied and so designed 
as to provide tolerances that are within reason- 
able cost limits. These examples show how 
tolerances increase with increasing dimensions. 
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These two additional examples further demonstrate 
the way in which tolerances vary with dimensions. 
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designed for special sprueing so the 
casting of those ends will be to the 
highest accuracy. As a result. the 
threaded ends can be brought tg 
0.001 in. on dia. and 0.0015 in. op 
length. The net cost will be less than 
as if the accuracy requirements had 
not been concentrated on those criti. 
cal sections. 


Secondary Operation Accuracy 


Precision investment Castings can 
be planned for completion by sec. 
ondary machining and grinding op. 
erations. Sometimes this results in de. 
creased costs for the finished parts, 
sometimes in increased accuracy, some. 
times in both advantages. Many of the 
most successful contractors insist upon 
quoting upon finished parts without 
specifying the methods or operations 
by which they will make them. 

Example 7: A cam weighing 1 oz. 
had to have a 0.25 in. hole in the off- 
center position through which its shaft 
would pass. If this hole were to be 
cored in, the wax patterns would have 
to be placed in the investment in po- 
sitions oblique to the axis of the flask 
in order to prevent any entrapment of 
air in the holes. Because of the con- 
tours of this particular piece there was 
no way to achieve this oblique posi- 
tion while avoiding air entrapment 
anywhere and get more than 32 pieces 
into an invested flask. At a $15.00 
cost for an invested flask, this meant 
about $0.50 per casting exclusive of 
metals cost and of finishing operations. 

If this hole were not cored in, the 
air entrapment problems could be 
solved while getting 60 pieces into a 
flask. This would mean $0.25 per cast- 
ing, or if the costs for clustering and 
sprueing went up a little, then perhaps 
$0.27 per casting. Drilling the holes 
would cost less than $0.05 per cast- 
ing. By drilling the holes instead of 
coring them in, then, there would be 
a clear saving of over $0.15 per 
casting. 

Example 8: A piece of a shape re- 
sembling a shaft key was 4 in. long 
by abour 34 in. sq. Tolerances natural 
to the process would bring the length 
of this to +0.012 in. and the width 
and height to -++0.002 in. Tolerances 
needed were 0.002 in. on the length, 
0.002 in. on the width and 0.001 in. 
on the height. 

The piece was to be precision cast 
because it was made of materials 
very difficult to machine. By outright 
“as-cast” precision investment casting 
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methods those 0.002-in. tolerances 
could be had on the length only by 
selecting from the production the 
pieces which accidentally came within 
them; this would mean a scrap loss of 
at least 80% on unlucky days. The 


 9,001-in. tolerance could be held, but 


only at the expense of high cost cast- 
ing methods. 

The piece was sprued in such a 
manner that the metal would enter 
at one end. This sprue area would 
have to be ground to clean up the 
casting. With natural tolerances pre- 
served the master pattern was made 
long enough so the limits would be 
+0.024 in. —0.000 in.; there always 
would be grinding stock at the end. 
Grinding was done in a fixture which 
brought the length well within the al- 
lowed +0.002 in. and at only minutely 
greater grinding cost than would be 


The factors which sell precision in- 
vestment castings might be summed 
up in the three words: Alloys, in- 
tricacies, accuracies. 

The process leans heavily upon the 
fact that nearly any alloys which can 
be cast at all can be cast by the pre- 
cision investment method. This per- 
mits parts to be made of much stronger 
alloys than are practical for other pro- 
duction methods, and of alloys more 
resistant to abrasion and corrosion. 

Often the part can be made lighter 
in weight or smaller in size by the use 
of these more durable alloys. Here the 
intricacies and accuracies to which the 
process can produce contours is im- 
portant. The same redesign which saves 
weight and size can improve func- 
tional performance. 

Precision investment casting almost 
always wastes less metal to scrap than 
any ether process by which a given 
part can be made. When the alloy is 
of such kind that sprues and gates can 
be remelted and recast, the process 
wastes almost nothing. Since the 
amount of metal needed to produce a 
part by any process must include the 
metal wasted to scrap, it follows that 
this process uses fewer pounds of high 
cost metals per thousand finished parts. 
Also, its metal costs per part are ex- 
ceedingly low, and that it often can 
use a “high cost” alloy where another 
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needed for cleaning up alone. 

The height dimension also was in- 
creased slightly on the master pattern, 
and on the casting, was ground in a 
fixture. This was less costly than cast- 
ing to the extreme tolerance of +0.001 
in. The net result of combining cast- 
ing and grinding operations was to 
achieve completely satisfactory accu- 
racy, with the piece made of stronger 
materials than were economically feasi- 
ble by any other production method, 
and with the piece made at less net 
cost than previous methods had yielded. 


Marking and Accuracy 


Precision investment casting is ca- 
pable of applying trade marks, manu- 
facturers’ names, code identification of 
parts, alloy names and numbers, with 
minimum or no increases in costs or 


Metals and Alloys 


process would use a “low cost” one at 
the same net cost for metals. Indeed, 
precision investment casting often sub- 
stitutes high cost high alloy metals at 
lower net costs for metals. 

One of the recent developments in 
precision casting is the successful cast- 
ing of magnesium by this method. 


Castabilities 


Some alloys are more easily castable 
by this process than others. Surpris- 
ingly, some of the most easily castable 
are higher in their physical and chemi- 
cal properties than some that are diffi- 
cult to cast. Stainless steels, for in- 
stance, are far more castable than gray 
iron by this process. 

The parts designer, therefore, should 
inform the contractor or his own cast- 
ing set-up as to what qualities he wants 
in the piece and then arrive at a suit- 
able alloy by discussion and agreement. 

Insistence upon having the same 
metallurgical specification as in an al- 
loy intended to be fabricated by ma- 
chining, stamping or forging, can have 
two bad results. It can run the pre- 
cision investment casting costs and 
prices up by increasing the costs for 
invested flasks, the experimental or 
pilot plant costs, the costs to cast, and 
the costs of rejections. It can result in 


decreases in parts strengths. Few en- 
gineers are taking even rudimentary 
advantage of this feature. Merchandis- 
ing advantages could be gained, pro- 
duction and stock control systems 
simplified. 

The lettering or the identification 
design can be indented for minimum 
interruption of surface, or can be 
bossed, or can be at the bottoms of 
ornamental sha recesses sO aS to 
get bold lettering with mini- 
mum interruption of surface. But not 
all of these methods are equally feasi- 
ble on all castings. There can be cases 
in which some styles of lettering would 
lead to air entrapment troubles and 
would increase costs. The effects de- 
sired should be discussed with the 
castings contractors or producers and 
the design methods for achieving those 
effects worked out. 


the designer paying a higher price for 
an alloy less suited to his purposes than 
the one he could get at a lower price. 

Gray iron vs. steel is a case in point. 
When gray iron is actually superior 
for the part in question, or when it is 
desirable to run the carbon content 
even higher than the gray iron range, 
then these metals can be cast and 
plenty of them have been cast. State- 
ments that gray iron casting is some- 
thing that the industry hopes to achieve 
are out of date. When steel of 1020 
analysis and up can be substituted for 
the gray iron with equal or better qual- 
ities in the part, then the steel parts 
usually cost less than the gray iron if 
cast by this process. 


Ideal Specifications 


For the engineer who wants to ex- 
periment with alloys for this process, 
one engineer laid down a list of the 
qualities that the ideal alloy should 
have. They are: 


1. Suitability for the purpose of the 
part. 

2. Suitability for secondary operations 

if any are to be performed on the 

part. 

High fluidity to follow the intricate 

passages in the invested flask. 

i. Sharp fluidity; narrowest mushy 
range. 
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5. Non-critical melting point. 

6. Non-segregating, non-separating. 

Low shrinkage characteristics. 

8. Cost of metal is important, but 
within common sense limits, this 
cost comes last. 


With the exception of No. 1, any or 
all of these points can be violated and 
satisfactory castings be made at satis- 
factory prices. To the extent that any 
are violated the overall cost of the 
process is likely to rise, with much de- 
pending upon whether the part in 
question has any sharp and accurate 
contours such as threads, or any ex- 
tremely thin sections projecting from 
thick ones, or any such features as 
large numbers of cored-in holes about 
which the metal must be made to flow. 

There are dozens of other points 
which can come up occasionally. For 
example, a part design may include 
a recess so deep and large and with so 
small an entrance that only a thin shell 
of metal is left, or a hollow part may 
have interior members so thin and 
poorly supported that they easily could 
be broken off. In such cases the re- 
moval of the hardened investment ma- 
terial from the finished casting with- 
out breaking those weak sections can 
be a problem unless an alloy of very 
high strength is selected. 


Nonferrous vs. Ferrous 


Most nonferrous metals can be cast 
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in imvestment materials which use 
plaster of Paris as a binder. Ferrous 
metals cannot, since this plaster breaks 
down at their casting temperatures and 
attacks them chemically. 

The plaster makes such a smooth, 
dependable, workable binder that al- 
most all casters prefer to use it when 
they can. However, it has to be kept 
out of ferrous investments since tiny 
amounts of plaster in them can ruin 
the castings. 

To keep investment materials from 
being mixed, and for other reasons 
having to do with production tech- 
niques, nonferrous and ferrous castings 
almost never are sent down the same 
production line. The line is set up for 
one or the other, not for both. 

This condition within the industry 
should not be construed to mean that 
a contractor or producer who has only 
one production line or setup should 
never be awarded contracts to produce 
both nonferrous and ferrous castings. 

Using the same line for both types 
is a production control problem which 
can be solved, any damage done to fer- 
rous castings by the use of investment 
materials intended for nonferrous 
metals is likely to be plainly visible so 
the castings will be rejected. The 
caster should be judged by his product 
and not by his production methods. 

Several supplies makers have uni- 
versal investments, suitable for ferrous 


These castings are obviou; 
ly imperfect. The piece at 
the left resulted from dirt 
in the investment material. 
At the right is a stainless 
steel casting which was 
poured into an investment 
made of a material intend- 
ed for nonferrous use. 


and nonferrous castings alike, either 
on the market or almost ready to be 
marketed. When the use of these be- 
comes more general, differences be- 
tween ferrous and nonferrous produc- 
tion lines will be reduced. 

As the situation stands today, the 
average shop specializes on nonferrous 
or else on ferrous castings, with the 
nonferrous shops in the majority since 
nonferrous casting by this process was 
well developed before ferrous became 
common. 


Special Effects in Metals 


Precision investment casting can 
produce strength and grain structure 
effects in metals which are difficult to 
obtain by other methods. The purist 
would argue, of course, that these ef- 
fects are produced by the casting ma- 
chine and could be had by casting 
into molds other than the precision in- 
vestments which are the characteristic 
feature of this process; therefore, they 
are not precision investment casting 
effects in the strict sense of the ex- 
pression. The answer is that pieces 
of the size, accuracy and contour suit- 
able for this process seldom are cast 
by other methods; from that point on 
we will leave the matter to be taken 
up in a bull session somewhere. 

There are strength control factors 
for which precision investment casting 
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is less adaptable than other production 
methods. Directional strength is one 
of these. Some directional strength can 
be imparted by some of the casting 
methods. If, for example, either cen- 
crifugal casting machines or high direct 
pressure machines are used, the sprues 
are long, and means are provided by 
which the molten metal rushes down 
the sprue with considerable initial ve- 
locity rather than with the usual low 
initial velocity followed by steadily in- 
creasing increments of pressure, then 
with some alloys the directional 
strengths of the castings will be least 
in directions which are in straight 
lines with the paths of the sprues and 
significantly greater in other directions. 
The exact figures on these differences 
were not released for the purposes of 
this manual, but in no case do they 
approach those obtainable by rolling, 
drawing, stamping or forging. 

This fact can be of advantage when 
the designer wants metal shapes which 
are difficult to roll or draw, or shapes 
made of metals too hard to roll eco- 
nomically, or too prone to work harden 
in repeated passages beneath the rolls 
or through the dies. 

Special bronze and other alloy bars 
have been precision @ast in such man- 
ner as to give them some initial direc- 
tional strength, then have been rolled 
to final sizes and directional strengths, 
and finally fabricated in automatic 
screw machines. 

Channel shapes, U-, H-, X-, Z-, and 
V-shapes and others which ordinarily 
would be rolled or drawn from round 
or square bars but which are wanted 
in short pieces and of alloys difficult 
to roll or draw, have been precision 
investment cast with some initial di- 
rectional strength to the shape and 
size which they ordinarily would have 
after the fourth or fifth passage through 
the rolls or dies, then have been rolled 
or drawn to their final shapes and di- 
rectional strengths. 

Directional strength in the precision 
investment casting may, of course, be 
unnecessary and even undesirable when 
the casting is to be rolled or drawn. 
In these cases the castings can be made 
with the highest uniformities of 
strengths no matter in which direction 
strengths are measured. 

These shapes often are best made by 
precision casting them to their final 
shapes and dimensions. This is es- 
pecially true when they are to be made 
of extremely hard metals, for instance, 
some of the cobalt and the nickel 
alloys. 

Bronze alloys in sections only about 
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0.060 in. thick have been precision 
cast to hardnesses of 575 to 580 Brinell 
and used as metal cutting tools. 

In aluminum bronzes some of the 
aluminum can be caused to go to the 
surface and form a coating which is 
both beautiful and protective. 

Lead in lead-bearing alloys can simi- 
larly be caused to go the surface and 
coat the entire piece, forming a coat- 
ing which is useful for protection and 
for anti-frictional properties if the 
piece is to be used as a bearing or is 
to be rolled or drawn. 

Different metallurgical qualities can 
be produced in gradients at different 
sections of the same piece, especially 
if the alloy includes metals of widely 
different specific gravities. In one ex- 
perimental case a bar 5 in. long by 
0.25 in. dia. was cast, then was cut 
apart at 1 in. internals and analyzed. 

The alloy contained aluminum and 
copper. Measuring from the sprue 
where the centrifugal force on the 
piece was least to the other end of the 
bar where that force was greatest, the 
percentages of aluminum found along 
the bar were: 


First inch 444% aluminum 
Second inch 3.06% aluminum 
Third inch 2.10% aluminum 
Fourth inch 1.73% aluminum 
Fifth inch 1.51% aluminum 


Parts fabricators use a great many 
methods to get different physical char- 
acteristics such as hardness and resili- 
ence at different sections of parts. The 
abilities of precision investment cast- 
ing to contribute to this have not been 
explored enough to be known even 
empirically. In this direction may lie 
some of the greatest opportunities of 
the process. 

Several casters have been able to in- 
crease the tensile strengths of alumi- 
num alloys. One raised an alloy similar 
to 350S-T from a former 32,000 psi. 
to 41,000 psi. Another raised a differ- 
ent alloy from its former 20,000 psi. 
to 38,800 psi. By carefully controlled 
casting methods the tensile of any alloy 
of any type which is likely to form in- 
ternal oxides can be raised from 25 to 
50%, the procedure being to eliminate 
the oxides. 

Porosity can be controlled. One con- 
tractor uses 500-lb. casting pressures 
to eliminate interior porosities of cast- 
ings and gets perfect soundness. Por- 
osities of the types used to provide 
capillary action to raise lubricating oils 
in bearings metals, and of the types 
which permit gases to pass through the 
metals at very low pressures for filter- 


ing and for safety devices, can be pro- 
duced at will. 


Metallurgical Control 


There seem to be two schools of 
thought regarding metallurgical con- 
trol of this process. 

One says: “Because we are melting 
in pounds and ounces instead of tons 
we are able to control our alloys much 
better. It is much easier than running 
a steel mill.” 

The other says: “If we only could 
melt our metals by the ton we could 
aim at average results and get much 
better alloys. It is much harder than 
running a steel mill.” 

The fact is that the contractors who 
are exercising close control under 
skilled metallurgists are controlling 
their specifications without much 
trouble. Shipments of such metals as 
stainless steels are analyzed as received 
from the mills, then carbon, nickel, 
chromium, etc., are added to yield 
parts which are held to very close 
analyses. 


Ferrous Alloys 


With gray iron being cast only 
rarely, the casters of ferrous alloys seem 
to be divided into two groups. One 
group will cast anything from 1020 
up to the very highest alloys, but likes 
best to work with alloys which are at 
least in the stainless steel range of 12 
chromium or over. The second group 
seldom will cast any alloy less than 12 
chromium and likes the high chromi- 
ums, the high nickels and the cobalt 
alloys much better. 

Many contractors have their own 
brand name alloys for various purposes 
and have developed their own tech- 
niques for handling them. Quite a 
few of these alloys were well known 
before this process came into com- 
mercial prominence, but some of them 
were specially developed for precision 
investment casting. Some of the most 
intensive research on precision invest- 
ment methods, products and product 
designs is being done by metals pro- 
ducers who have been stymied in their 
marketing efforts by the difficulties of 
machining their alloys and who see in 
this new process a way to expand their 
sales. 

The most generally used ferrous al- 
loys seem to be the stainless steels. 
These flow so readily in the invested 
flasks that many a contractor finds his 
costs lowest with them and many a 
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parts buyer is getting the strength and 
the corrosion resistance of stainless 
merely because his contractor can cast 
these alloys so readily. 

There seems to be little evidence 
that the stainless steels which are sub- 
ject to carbide precipitation stay within 
the critical range long enough to incur 
this trouble. One contractor, however, 
insists upon having any stainless of the 
18:8 family contain stabilizing colum- 
bium at the ratio of ten times as much 
columbium as carbon, and another heat 
treats all such stainless castings to in- 
sure against carbide precipitation. 

Surface decarburization of some high 
carbon steels can occur during the cast- 
ing and cooling. In some cases this 
does no harm, in others the castings 
must be heat treated for the desired 
physical properties and the carbon can 


The purchaser who desires to buy 
precision investment castings, and the 
manufacturer who wishes to install his 
own plant to make them, must con- 
sider that there are as many ways of 
setting up and operating a castings 
plant as any other production process. 

These differences in plants stem 
from outright production philosophies. 
If, by comparison, stampings were be- 
ing purchased, one plant would be 
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be restored during heat treatment. In 
other cases the casting process is carried 
out under high vacuum or in inert gas 
atmospheres to avoid decarburization. 

Castings can be quenched for heat 
treatment, to some degree, by plunging 
the invested flask with its load of cast- 
ings into water while the metal is still 
at the proper quenching temperature. 
Since the investment material is a good 
insulator this is only successful with 
metals that need a comparatively slow 
quench. 

Quenching while the newly poured 
castings still are hot will be more 
practical when some of the newly de- 
veloped investment materials that pul- 
verize easily and can be removed 
quickly have been worked out more 
thoroughly in shop practice. Even so, 
the casting which is quenched with 


Plant Practice and Methods 


found to make small and intricate ones 
to better advantage than its competi- 
tors, another would be better for auto- 
mobile body and other large stampings, 
another would specialize on Monel 
and another on stainless steel and so 
on. Inevitably the precision investment 
casting field is being divided up into 
segments of its own. These segments 
are being decided largely by viewpoints 


which practitioners carry over from 


part of the gate or sprue still attache 
will present more difficult Cleaning-up 
problems than the unhardened one 
Heat treatment usually is best per. 
formed after all other operations ex. 
cepting some of the final grinding one, 
have been completed. | 

Very often the specifying of a stee| 
which must be heat pa 8 after cast. 
ing and machining is a hangover from 
shop customs which were necess 
before the abilities of precision invest. 
ment casting to fabricate the extremely 
high strength alloys came into being 

Within wide limits the parts de. 
signer or buyer is best off if he specifies 
the strengths, the other physicals and 
the corrosion or abrasion resistances 
he wants, then leaves it up to the pre. 
cision investment caster to produce 
them. 


their previous employments and skills. 
Practically all of the men in this 
business learned some other trade be- 
fore they entered it. The industry con- 
tains almost no men who were “born 
and raised in the shop, cut their teeth 
on soft metal molds and made their 
own toys out of spent pattern wax.” 
There are viewpoints and practices 
common to all in the industry, and men 
of all viewpoints are learning and 


These two parts demon- 
strate some of the design 
principles that are so 1m- 
portant im preciston Cast- 
ing. Notice the thin web- 
bing on the piece at lejt 
which is provided for extra 
strength. Both pieces have 


openings all the way 

is through. (Parts courtesy 0] 
Trifari, Krussman & Fishel 
Inc.) 
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xdapting from each other. Some of the 
jiffering viewpoints: 


The Foundryman’s Viewpoint 


-Several large foundries have entered 
the precision investment castings field. 
The first of them appear to be special- 
ists in high alloy castings which have 
had their markets modified by ma- 
chining and other fabricating difficul- 
ties. But the field is of interest to every 
foundry and thousands of foundries 
are likely to enter 1t. 

The foundryman characteristically 
studies every part to find out which of 
his processes will best produce it. If 
it falls within the precision investment 
casting field then he makes a methods 
study of it to find out what contours 
and other features are best produced 
by casting, what ones by machining or 
other secondary operation, and what 
alloys will best lend themselves to the 
functions of the part and to the 
operations balance for making it. He 
installs special machine shops for sec- 
ondary operations. 

He prefers the larger tolerances, the 
ones to the order of +0.004 in. or 
0.005 in. per in. He tries to simplify 
all contours so as to avoid tricky pro- 
duction methods. 

He sets up well integrated materials 
handling systems, salvages wax and in- 
vestment materials, makes use of waste 
heat, installs automatic or semi-auto- 
matic machinery for every step he 
can, uses jigs and other tooling for 
clustering his dispensable patterns, and 
generally reduces every cost. 

His setup is excellent for the largest 
production runs on parts of the widest 
tolerances and the simplest contours. 
But he is not limited to such parts. 

He can make whatever needs to be 
made, but he needs good sized produc- 


tion runs for economy. 


The Metallurgist’s Viewpoint 


The metallurgist enters this field be- 
cause “t offers opportunities to apply 
his professional skill in the making of 
parts of strengths and qualities that 
have not been made before. 

He agrees generally with the found- 
ryman in keeping the tolerances up 
around the 0.004 in. per in. range, 
and in balancing production methods 
between casting and secondary opera- 
tions.. He is good on these secondary 
Operations because he knows tool steels 
and what machine tools can be made 
to do. And he is expert on heat treat- 
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ments as secondary strengthening 
means. 

He can pick the exact alloy specifi- 
cation that will flow best and come to 
the most satisfactory accuracies in a 
given investment, and he can make 
sure that he gets that specification. 

He may be less informed on the 
ceramics that go into investments, on 
the chemistry of waxes and other. ex- 
pendable pattern materials, and on the 
tool making that produces the molds. 
He surrounds himself with men who 
know these skills and he works will- 
ingly with them. 

His shop is likely to be more flexible 
as to profitable sizes of orders and 
sizes of individual parts to be made. 
He can make profits on small runs as 
well as large ones. His shop is largely 
what the viewpoints of his associates 
make it. He likes jobs that depend 
largely upon the skillful handling of 
metals. 

The largest and also some of the 
smallest castings seen during the 
gathering of data for this manual were 
made by shops headed by metallurgists 
and by foundries having excellent 
metallurgical staffs. 





The Dentist-Jewelry Genesis Viewpoint 


Historically, in the present continu- 
ous development which has brought 
the process to its present industrial 
stage, the dentists had precision invest- 
ment casting first and the jewelers had 
it second. 

Plants which have developed from 
that viewpoint like to do everything 
by casting methods and to avoid sec- 
ondary operations. They work either 
to accuracies in the most common 
0.003 in. per in. range and finer, or 
else they go to the extreme of 0.008 
in. per in. 

They are excellent at doing tricks 
with rubber parts and with inserts in 
the molds to produce unusually difh- 
cult interior and exterior contours. 
They are likely to be the first to make 
the process do new “impossibilities.” 

They are geared to take very large 
orders at satisfactory prices and to take 
medium sized ones. They also can 
take the smallest of orders at satis- 
factory prices. For example, a shop of 
this kind can produce all of the smaller 
parts for an experimental machine, and 
can keep on varying those parts as the 
trial runs of the machine indicate 
changes. They seldom like to make 
parts over 5 in. on any dimension or 
over 2 Ib. in weight. 


The Die Caster’s Viewpoint 


The die caster is likely to inject his 
patterns and pour his metals under 
high pressures and vacuums; pressures 
up to 500 Ib. and vacuums up to 30 
in. This leads to extreme soundness 
in the castings, excellent control of all 
processes, high finishes and high ac- 
curacies. 

He prefers to do everything by cast- 
ing and to avoid secondary operations. 
His tool costs for molds are high, he 
prefers the medium range of parts, 
sizes and contours; he can work to 
accuracies of 0.002 in. per in. or to 
anything that the vagaries of metals 
shrinkage will permit. His accuracies 
are likely to be high on all dimensions. 

His tools and methods costs limit 
him to medium and larger production 
runs for profits. He can compete for 
most of the business, but when he 
finds a job that fully fits his shop he 
is unbeatable. Many of the advances 


in the art are originating from his 
methods. 


The Toolmaker’s Viewpoint 


The toolmaker enters the field be- 
cause he sees opportunities in the 
making of tools and dies for the dis- 
pensable patterns. He uses moving 
parts to cut threads on the patterns, 


to punch recesses and holes in them, 


to generate other contours. He makes 
quick opening molds and dies for 
speedy injecting and ejecting. He is 
excellent at temperature control of the 
molding. 

He shares with the foundryman and 
the metallurgist the balancing of op- 
erations between casting and secondary 
processes but his is the viewpoint, not 
of deciding what can best be done by 
a process or a method, but of thinking 
of what can be done by tools with 
machines as mere means for driving 
them. 

He works by preference to the high- 
est accuracies that the casting process 
can produce, he likes 0.0005 in. But 
he does not know ceramics or metal- 
lurgy and therefore his shop is largely 
what his associates make it. Because 
of his tool costs he is best at medium 
and large sized runs. He does well on 
extremely small parts since he knows 
how to make multiple recess molds and 
dies and to mold large numbers of tiny 
patterns at a single injection. 

He can handle any sizes and weights 
of parts that his metallurgist knows 
how to Cast. 
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The Plastics Viewpoint 


Plastics molders see in the molding 
of the dispensable patterns a chance 
to use some of their most highly de- 
veloped injection molding techniques 
and materials. To a large extent they 
are content if they can get orders to 
produce these patterns and leave the in- 
vesting and casting to casting shops. 


When they get completely into the 
casting business they are likely to 
work to the wide tolerances of 0.004 
in. and well within the average ranges 
of all other factors. To the extent that 
they use plastics as dispensable pat- 
terns they need fairly large production 
runs to justify the setting up of their 
injection machines. 


The original and most widely used 
dispensable pattern material is wax. 
Plastics of many varieties, especially 
the polystyrenes, are coming on rap- 
idly and are used almost altogether 
by some casters. Many “waxes” are 
mixtures of waxes and plastics. Plas- 
tics which can be molded in the same 
molds and dies and at the same tem- 
peratures and pressures as waxes are 
newly developed; their exact place in 
the industrial picture is not yet estab- 
lished. 

Waxes having melting points over 
170 F are known as “high melting 
point.” Molding pressures over the 
30 psi. generally obtainable with cen- 
trifugal molding machines are known 
as high pressures, but since wax can 
be molded at pressures as high as 200,- 
000 psi. this definition is weak. 

There are two contests in the wax 
picture: the high melting point men 
vs. the low melting point men, and 
the high pressure men vs. the low 
pressure men. A high melting point 
man may be a low or a high pressure 
man, and so on. 

High melting point waxes will stay 
hard at amy temperature a room is 
likely to reach, therefore there is less 
distortion of patterns when employees 
are handling them on hot days. Low 
melting point waxes will sting but 
not seriously burn the skin if oper- 
ators splash them, therefore they are 
less of an industrial hazard and op- 
erators are claimed to be able to 
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The Equipment and 
Supplies Maker's Viewpoint 


These companies are interested in 
the development of the process in 
order to sell more equipment and sup- 
plies to more casters who are getting 
more orders. In this interest, and also 
to make profits, they take on contract 
work. This is a common situation in 
industry. Makers of automatic screw 
machines make screw machine prod- 
ucts on contract, makers of die casting 
machines are producers of die castings, 
and so on. 


In the interest of development they 
will work to the finest tolerances, at- 
tack the most difficult metallurgical 


Patterns and Molding 


handle them with impunity and there- 
fore to work faster. 

A wax always has a softening or 
mushy range which precedes its melt- 
ing point. For molding at any pressure 
up to 200 psi. this should be narrow 
and the melting point sharp; a soften- 
ing range that extends over 8 F (ex- 
ample, softens at 205 to 212 F, melts 
at 213 F +3 F) and a melting point 
that is sharp within 2 or 3 deg. is ex- 
cellent. Narrow softening and sharp 
melting mean sharp molding and 
quick setting up or hardening of the 
pattern so it can be handled without 
distorting. 

For molding pressures above 1000 
psi. a much wider softening range can 
be desirable. The object of high pres- 
sure molding is to mold at lower tem- 
peratures thus reducing the tempera- 
ture range through which the pattern 
must cool and lessening its shrinkage. 
The high pressure wax is softened but 
not melted at its injection tempera- 
ture. The wider the softening range 
the more the combinations of pressure 
and temperature that can be used to 
obtain specific effects in the pattern. 

Costs of wax run all the way from 
$0.20 to $1.50 a pound, with the usual 
range from $0.60 to $0.80. Waxes 
vary widely in specific gravities, but 
a useable average figure is that a 
cubic foot of wax weighs 20 lb. Since 
the volume of wax used will be rough- 
ly approximate to that of castings and 
sprues produced the cost of wax for 


problems, make the largest and also 
the smallest castings. 

Some of them will take contracts to 
develop a series of castings for a given 
customer, working out the most prof. 
itable tolerance range and the bey 
balance between casting and seco 
operations and the best alloys for the 
parts, paying for this development 
largely or wholly by their profits op 
the contract work, all for the pu 
of working out a production line to 
be installed in the plant of the cys. 
tomer and selling him the nec 
equipment and supplies. A large par 
of these development costs may he 
paid by subsequent royalties which 
will be charged the customer for op. 
erating under their patents. 


a given lot of castings can be estimated 
from volume and weight. A rule of 
thumb figure is that the weight of 
wax used is one-eighth of that of the 
finished castings. 

The price paid for wax has a gen- 
eral relationship to the thickness of 
sections and the fineness of details of 
the castings. When all sections are 
thick and there are no fine details or 
close accuracies the lowest cost wax 
can be used. Under opposite condi- 
tions, however, especially when mold- 
ing is low temperature and low pres- 
sure, the costliest waxes may be 
needed. 

Waxes can be reclaimed by melting 
them out before they burn out. This 
reclaiming is of two kinds: Salvaged 
waxes that are good only for sprues 
and gates, and, fully reclaimed waxes 
that can be mixed with new wax and 
used for all purposes. 

Full reclaiming needs filtering of the 
waxes at a cost of about $0.12 a 
pound, followed by laboratory testing 
to find out how to select the fresh 
ingredients to arrive at ‘a satisfactory 
final mixture. The economic value of 
it depends largely upon the ratio in 
pounds of finished castings to sprues 
and gates. One caster uses compara- 
tively small invested flasks, gets more 
than 5 Ib. of castings for every pound 
of sprues and gates, would have to 
junk nearly all of his salvaged wax if 
he could not fully reclaim it, and in 
his shop 75% of every mixture of wax 
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In this precision investment casting plant the operators are injecting wax imto the molds to form the wax patterns. 


for molding is reclaimed wax. An- 
other caster uses very large flasks, gets 
only 4 lb. of castings for every 6 Ib. 
of sprues and gates, and can use all of 
his salvaged wax for sprues and gates 
without going to the costs and trou- 
bles of fully reclaiming ic. 

Plastics have the advantage that if 
a caster has insufficient molding ca- 
pacity he can have his patterns pro- 
duced by the nearest injection molding 
contractor. They can be handled more 
roughly and carelessly than waxes, but 


waxes in that respect have been grossly 
exaggerated in some published mate- 
tial, to the bedevilment of casters 
whose customers have then demanded 
that impossibilities be done with the 
tics patterns. They are not inher- 

more accurate than the waxes, 
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(Courtesy: Kerr Dental Mfg. Co.) 


they are not immune to warpage or 
run out or size changes caused by in- 
ternal stresses set up in their mold- 
ing, their users do not automatically 
work to closer tolerances than the 
users of waxes. 

The comparison of plastics to waxes 
or of one good wax to another can 
be summed up in a statement that 
when a caster learns how to use any 
one of them well, then he can get 
good results with it. The same state- 
ment applies to tool steels, machine 
tools and golf clubs. 


Mold and Die Materials 


Molds can be made of rubber, plas- 
tics, hydrolized wood, low shrinkage 
“soft metal” bismuth-tin alloys, alu- 
minum, steel and other materials. Soft 


metal, steel and rubber seem to be the 
most frequently used, and in that 
order, with aluminum coming along 
rapidly. 

Rubber molds have been sold far 
too short by most casters. For wide 
ranges of work they are the quickest 
and easiest to make and by far the 
least costly. They will pick up the 
finest details, and in the hands of men 
who know how to use them and per- 
haps to reinforce them with metal 
parts they can produce to better than 
average accuracy. For experimental 
work a rubber mold often can be made 
in 20 min. as compared to 20 hr. for 
any other; they could cut thousands 
of dollars a year from the pilot opera- 
tions costs of many a plant. A wide 
variety of tricks can be worked out 
for the use of soft rubber cores and 
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inserts for the producing of difficult 
contours in molds made of any ma- 
terials. 

Soft metal molds can be cast, hobbed 
or machined to shape. If reinforced 
by being mounted in steel shells they 
can be used for injection pressures of 
several hundred pounds. Wear on 
them can be prevented by so using 
the steel shells that the mold sections 
meet steel to steel instead of soft metal 
to soft metal. They often can be re- 
paired by soldering and building up 
when worn. They can be sections or 
liners of dies having mechanical mo- 
tions made of steel parts, the soft metal 
being least costly for the contour mold- 
ing parts and the steel more durable 
for the movable pins, the hinges and 
like parts. When multiple cavities are 
wanted, or several molds of duplicate 
or like sizes, master patterns can be 
made up, molded in rubber, dispen- 
sable patterns of the sizes and contours 
of the soft metal molds thus made, 


Precision investment casting is a 
comparatively undeveloped industrial 
art, but it has reached the stage where 
it is reducing costs and improving 
qualities on tens of thousands of prod- 
ucts. It is capable of accuracies roughly 
approximate to those of grinding. It 
can handle practically any metal that 
can be cast at all. The process makes 
its most valuable contributions by pro- 
ducing intricacies in parts and by han- 
dling with ease metals that are diff- 


and the molds be produced by the 
precision investment casting process. 

Steel molds are the most durable on 
long production runs. They usually 
are the most costly, but this statement 
can be deceptive. When the part is 
of such shape that the steel mold or 
die can be made by simple drilling, 
reaming and milling operations, the 
steel mold can be less costly to make 
than even a rubber mold for the same 


part. 


Casting Methods 


Casting almost always is under pres- 
sure, although gravity or “static” cast- 
ing is coming into use for larger cast- 
ings. Pressures range from 3- to 500- 
lb. Up to about 30 Ib. they can be 
applied either by centrifugal force or 
by air pressure, and this range will 
cover more than 90% of all opera- 
tions. Centrifugal casting can achieve 
higher pressures than that, of course, 


Conclusion 


cult or even impossible to fabricate 
economically by other methods. 

It is not a process that “anyone can 
operate in a garage or cellar.” Anyone 
entering it without previous experi- 
ence or without high grade technical 
advice is likely to spend at least a year 
of time and large sums of money be- 
fore he operates successfully. 

It has well established contractors 
who will produce parts at low costs, 
and these contractors have developed 





but in this field it rarely is called Upon 
to do so. 

Increasing amounts of Casting are 
done under vacuums as high as 30.;, 
Controlled atmospheres at the casting 
“machines are coming into considerable 
use. 

One furnace melts the metal unde, 
30-in. vacuum, applies inert gases jf 
desired, then pours under vacuum {fo}. 
lowed by 500-Ib. pneumatic pressure 
This method produces sound Castings 
unusually free from internal porosities 

Casting machines capable of pour. 
ing no more than one invested flask 
every 5 min. are proving profitable 
Automatic set ups that will pour one 
invested flask every second are in use. 

The melting equipment is highly 
varied. It employs gas fired, oil fired, 
electrical resistance and electrical ip. 
duction heating methods. A high per. 
centage of casters prefer induction 
heating for its speed and its close con- 
trollability. 


enough differing techniques so they 
are well on their way toward dividing 
its field among them. 

It is leaving the manual craftsman- 
ship industrial category and is rapidly 
being mechanized. The successful shop 
of the furure undoubtedly will have 
an invested capital of at least $5,000 
per production line employee, and 
in addition, it will also have a 
highly paid and broadly trained tech- 


nical staff. 
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MATERIALS: Alloy Castings 


Standard Alloy Designations for Heat and Corrosion Resistant Castings 





Designation 


% Nickel 


% Chromium 


% Carbon 


% Other Elements 








CA-14 
CA-40 
CB-30 
CC-35 
CD-10 M 
CE-30 
CF-7 
CF-10 
CF-16 
CF-20 
CF-7 Se 











1 max. 
1 max. 
2 max. 
3 max. 
3to 6 
8 to ll 
8 to 10 
8 to 10 
8 to 10 


81010 . 


8 to 10 
8 to 10 
8 to 10 
8 to 10 
8 to 10 
8 to 10 
10 to 12 
10 to 12 
10 to 12 
10 to 12 
10 to 12 
10 to 12 
10 to 12 
10 to 12 
10 to 12 
10 to 12 
10 to 12 
10 to 12 
10 to 12 
10 to 12 
10 to 12 
19 to 21 
19 to 22 
23 to 26 
29 to 32 
34 to 37 
2 max. 
4 max. 
3to 6 
8 to ll 
8 to 1l 
10 to 13 
13 to 16 
19 to 21 
19 to 21 
23 to 26 
29 to 31 
29 to 32 
34 to 37 
37 to 40 
59 to 62 
65 to 68 





11 to 14 
11 to 14 
18 to 22 
27 to 30 
27 to 30 
27 to 30 
18 to 20 
18 to 20 
18 to 20 
18 to 20 
18 to 20 
18 to 20 
18 to 20 
18 to 20 
18 to 20 
18 to 20 
20 to 22 
20 to 22 
20 to 22 
20 to 22 
20 to 22 
20 to 22 
20 to 22 
20 to 22 
20 to 22 
23 to 26 
23 to 26 
23 to 26 
23 to 26 
23 to 26 
23 to 26 
23 to 26 
8 to ll 
18 to 22 
8 to 12 
13 to 17 
18 to 22 
27 to 30 
27 to 30 
27 to 30 
18 to 23 
23 to 27 
26 to 30 
23 to 26 
28 to 32 
18 to 22 
28 to 32 
8 to 12 
13 to 17 
17 to 21 
10 to 14 
15 to 19 





0.14 max. 


0.20 to 0.40 


0.30 max. 
0.35 max. 
0.10 max. 


0.30 max. 


0.07 max. 
0.10 max. 
0.16 max. 
0.20 max. 
0.07 max. 
0.07 max. 
0.07 max. 
0.10 max. 
0.16 max. 
0.07 max. 
0.07 max. 
0.10 max. 
0.16 max. 
0.16 max. 
0.07 max. 
0.07 max. 
0.10 max. 
0.16 max. 
0.07 max. 
0.10 max. 
0.20 max. 
0.10 max. 
0.10 max. 
0.20 max. 
0.10 max. 
0.25 max. 
0.25 max. 
0.25 max. 
0.25 max. 
0.25 max. 





Sean 


Selenium 0.20 to 0.35 

Columbium 10 X Carbon 

Molybdenum 2.5 to 3.5 

Molybdenum 2.5 to 3.5 

Molybdenum 2.5 to 3.5 

Molybdenum 2.5 to 3.5, Columbium 10 Carbon 


Selenium 0.20 to 0.35 

Columbium 10 X Carbon 

Molybdenum 2.5 to 3.5 

Molybdenum 2.5 to 3.5 

Molybdenum 2.5 to 3.5 

Molybdenum 2.5 to 3.5, Columbium 10 X Carbon 


Columbium 10 X Carbon 

Molybdenum 2.5 to 3.5 

Molybdenum 2.5 to 3.5 

Molybdenum 2.5 to 3.5, Columbium 10X Carbon 








Designations with the initial letter “C’’ indicate alloys generally used to resist corrosive attack at temperatures less than 


1200 F. Designations with the initial letter “H” indicate alloys generally used under conditions where the metal temperature 
is in excess of 1200 F. 


All of the above designations apply to type compositions and no attempt is made to cover elements such as manganese, 
silicon and, in the case of heat resistant alloys, carbon. 


Compiled by the Alloy Casting Institute 
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‘Triple reasons for specifying... 


% re to wi r, fatigue ‘or shock to 
wide range of requirements, as 
d by design. 






2 RELIABILITY —based on consistently uni- 
form response to heat treatment. 





3 ECONOMY-resulting from standard 
compositions precisely graded to match 


— 


— 
the engineers’ needs. 


Experience shows that triple-alloy steels containing Nickel are solving some mighty 
big problems in many industrial fields. They have established outstanding service 
records in some of the most exacting applications. The many standard compositions 
available make it possible to select accurately, and with economy, triple-alloy steels 
to fulfill the requirements of a great variety of applications. 


~~ 


We invite inquiries regarding the selection and uses of triple-alloy steels, con- 
taining Nickel. 


THE INTERNATIONAL NICKEL COMPANY, INC. scteuS% 
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MATERIALS: Silver Brazing Alloys 


Common Specifications for Silver Brazing Alloys” 


The family of silver brazing alloys (sometimes called “hard 
solders” or “silver solders’—although the term “silver solders’ 
should only be applied to the lower melting point, about 500 
to 700 F, alloys containing 1 to 5% silver) includes a range 
of materials containing 10 to 80% silver. The working tem- 
peratures of this class of silver alloys varies from 1100 to 1600 
F, depending upon their composition. 

These silver alloys possess several favorable characteristics 


(exclusive of their low melting point, conductivity, resistance 
to corrosion, ductility and malleability) that make them im- 
portant metal-joining materials: the molten brazing alloys have 
excellent penetration properties, thus making fillets and large 
clearances unnecessary for good joints; a silver brazed joint may 
have a tensile strength as high as 120,000 psi. (the joint, if 
properly designed and fabricated, is often stronger than the 
metals being joined). 





Specification 


Composition, Per Cent 


Working 
Color 





Designation 


Grade | | Cy 


Temperature 


Zan | Cd Others | (Liquidus) 





ASTM B73-29 4 | 52 


38 | 0.50 max. | 0.15? | Yellow 


1600 | 





USN 47S813c 

USA Chem. Warfare Serv. 196-131-80° 
USAAF 11342 

FED. QQ-S-561b 


— 
— 
— 





Ww D> Ww 





| 


1300 | 


P 5 


ian aie 


Gray-white 





ASTM 873-29 

USN 47S13c 

USA Chem. Warfare Serv..196-131-80° 
FED. QQ-S-561b 





0.50 max. 1500 





ASTM B73-29 





Yellow 





ASTM 873-29 

USN 47S13c 

USA Chem. Warfare Serv. 196-131-80° 
FED. QQ-S-561b 











— pt wet DR | oo coc NN 








Nearly white 

















ASTM 873-29 





| Nearly white 





USN 47S13c 

USA Chem. Warfare Serv. 196-131-80° 
USA Ord. Dept. (Tent.) AXS-741 
USAAF 11342 

FED. QQ-S-561b 

AMS 4770 


| Se 





| Yellow-white 


| 
| 





USA Chem. Warfare Serv. 196-131-80° 


WA 





| Yellow-white 





ASTM B73-29 

USN 47S13c¢ 

USA Chem. Warfare Serv. 196-131-80* 
FED. QQ-S-561b 





White 





ASTM B73-29 








ASTM B73-29 








 [mpurities, maximum. 


* Data from ASTM Standard Specifications for Silver Solders, 


73-29; from Table 62. p. 433 of Circular C447, National 


Bureau of Standards, and from information furnished by Handy and Harman Co. 


* Recently this CWS specification has been superseded by Federal Specification QQO-S-561b 


Compiled by Robert S. Burpo, Jr., Associate Editor 
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A certain amount of “wear in” or “running in” is essential to lap parts 
to the point of peak efhiciency. After that “wear out” begins. The engineer’s constant 


struggle is to increase the life of parts subject to wear. 


J 
Even when you use stainless steel, “wear out’ iS, a factor. That’s why so many 
/ 
manufacturers or users of stainless steel parts have turned 
successfully to the Stainless Surface Hardening Company's process 


(Malcomizing) for developing a hard nitrided case to resist “wear out.” 


In this new process lies the answer to the problem of how to get 
increased abrasion resistance to add to the well-known corrosion 
resistance of the stainless steels. Write today sending us your parts or 


blueprints for an analysis of the applicability to your product of the 


Stainless Surface Hardening Company’s process. 


STAINLESS ‘SURFACE HARDENING C0. 


' 














JMLCo-CS-Cl 
A subsidiary of INDUSTRIAL STEELS, Inc. 
5 5 255 Bent Street, Cambridge 41, Massachusetts 
HE = Telephone TROwbridge 7000 « Teletype 547 
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Steels for High Temperature Uses 
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LIGHTWEIGHT PARTS with HEAVYWEIGHT RUGGEDNESS 
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from B&W TuBES... 


For every one pound saved in track weight, 
Army Ordnance Engineers found, an extra five 
to seven pounds could be added to the main 
body of a tank above the springs . . . in heavier 
armor, greater ammunition storage. Track 
weight of the famous M-4 tank, for example, was 
cut by 780 pounds... by making the track “pins” 
from light, yet rugged mechanical tubes devel- 
oped and manufactured for the job by B&W! 


This war-born idea has been put to work in 
the automotive industry by using B&W Tubes 
for higher strength-to-weight ratios in such 
parts as axle housings, gudgeon pins, bearing 
races, torque tubes, bushings, cylinder liners. 
B&W Tubes are being used to advantage, too, 
in many other peacetime products in which 


lightweight construction with heavyweight rug- 
gedness is required. 

And B&W Tubes bring production economy, 
too. Better parts can be produced in less time 
than with solid stock, and with fewer operations, 
greater uniformity and less scrap loss. B&W 
Tubes for mechanical uses can be furnished in 
a wide range of analyses from low carbon to 
high alloy steels. Hot-finished and cold-drawn 
tubing can be upset, swaged, expanded, bent, 
spun, and otherwise formed to users specifica- 
tions, and with special surface finishes. 


Babcock & Wilcox will gladly share with de- 
signers its rich fund of cost-cutting ideas for 
making better parts from seamless or welded 
tubing. Get in touch with B&W today. 








MATERIALS & METHODS 





annae 
TCT 


+ 


cases Seeeeeeees eaee 





sae 








NUMBER 111 (Continued) PROPERTIES OF STEELS FOR HIGH TEMPERATURE SERVICE 


Table 2. Variation in Physical Properties with Temperature (For Steels Listed in Table 1.) 





2a. Variation in Charpy Impact Value with Temperature 





Temperature, Degrees F 








é 


32 


212 


392 


572 











Vn wos 
ONNN 
NOwoo 


i) 
ws 
No 


| 





30.4 
38.0 
30.9 
76.0 
70.9 
27.9° 
63.3 
20.3° 








i 


| 


36.4 
49.1 
44.1 
76.5 
74.9 
31.4 
70.0 
35.4 





41.5 
49.6 
43.0 
81.0 
80.5 
49.1 
63.8 
50.1 





37.0 
44.1 
41.5 
70.9 
74.9 
50.1 
55.7 
45.6 





2b. Variation in Yield Strength® 


with Temperature 





392 


572 


752 


| 


932 


1112 











38.4 
98.1 
99.6 
120.9 
39.8 
139.4 
119.5 
99.6 
96.7 
125.2 
118.1 


28.5 
93.9 
101.0 
116.6 
38.4 
136.6 
112.4 
95.3 
95.3 
112.4 
110.9 








25.6 
68.3 
89.6 
96.7 
37.0 
128.0 
110.9 
86.8 
85.3 
92.5 
109.5 





22.8 
39.8 
83.9 
44.1 
28.4 
103.8 
79.7 
65.4 
62.6 
54.1 
68.3 





11.4 


25.6 
19.9 
19.9 
55.5 
32.7 
54.1 
28.5 
15.7 
28.5 





2c. 


Variation in Tensile Strength*® 


with Temperature 





68 


212 


392 


572 


752 


932 


1112 











78.2 
130.9 
118.1 
150.8 

93.9 
167.8 
120.9 
128.0 
128.0 
155.0 
157.9 





71.1 
122.3 
113.8 
140.8 

85.3 
153.6 
146.5 
120.9 
116.6 
145.1 
135.1 





82.5 
122.3 
142.2 
140.8 

82.5 
156.5 
130.9 
118.1 
116.6 
132.3 
135.1 


82.5 
125.2 
120.9 
139.4 

92.5 
156.5 
123.7 
116.6 
115.2 
125.2 
132.3 








71.1 
98.1 
108.1 
109.5 
78.2 
147.9 
122.3 
106.7 
98.1 
123.7 
103.8 





49.8 
70.0 
95.3 
78.2 
52.6 
126.6 
98.1 
85.3 
82.5 
85.3 
79.2 





27.0 
31.3 
68.3 
31.3 
31.3 
86.8 
62.6 
46.9 
17.1 
46.9 
42.7 


























‘For compositions of these steels, see Table 1, p. 769. 
*At 68 F. 

*At 122 F. 

*At 14 F. 

"In ft-lb. 


*In thousands of lb. per sq. in. 


Compiled by Robert S. Burpo, Jr., Associate Editor 
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The final test of welded stainless equipment is the length of its active, 
efficient service life. The welds must be as good as the base metal. If the welds 





are not right, they will be a point of failure. 


Arcos Alloy Weld Metal has a consistent record in service over a period 
of 15 years, as attested by equipment fabricators and users alike. Fabricators of 
stainless steel equipment who weld with Arcos,have the confidence that their 
reputation will be long-lived; users of equipment who specify Arcos electrodes, 
have complete confidence in the life span of that equipment. 

When so iauch depends on so little, be sure—specify Arcos—the Alloy 


Electrodes with Time Enduring Qualities. 






MIDDLE ATLANTIC 


bese a ce ceedceoseone sien Root, Neal & Co. 
is be cdeseeoeeeeseosien Boyd Welding Co. 
Be ceecceseocesccecs Arcos Corporation 
baedheeteeeccoocers Williams & Co., Inc. 
Seoccceccboececececs Welding Supply Co. 
Syracuse, NM. Vo . 2. 66 we wes ...++Welding Supply Co. 


SOUTH and SOUTHWEST 
Baton Rouge 17, La...... Louisiana Welding Co 
Borger, Texas...... 
Houston, Texas 
Kingsport, Tenn, 
Mnoxvilte, Tenmm....... 
New Orteans, La... 
Oklahoma City, Okla.. Hart Industrial Supply Co. 
wert. ...+..Hart Industrial Supply Co. 


Hart Industrial Supply Co 


eeececsece Champion Rivet Co. of Texas 
Beeb eeee seeéeon Slip-Not Belting Corp. 


«+++ .S8lip-Not Belting Corp. 
. The Gulf Welding Equipment Co. 


Phoenix, Arizoma .......+sseees Arizona Welding Co. 
Tucson, Arizoma......-..«sseeee Arizona Welding Co. 
Tulsa, Oklahoma..........Hart Industrial Supply Co. 


MIDDLE WEST 


Albuquerque, N. Mex... .««+.»»Industrial Supply Co. 
Gieleame, Bb... esc cccce . «Machinery & Welder Corp. 
Cincinnati, Ohio. ... 2... se cuee Williams & Co., Inc. 
Cleveland, Ohio.......+«.. Williams & Co., Inc 
Columbus, Ohio ' a6 .Williams & Co., Inc. 
Detroit, Michigan _ , ‘ E. Philips-& Co., Inc 
Ft. Wayne, ind. . Wayne Welding Sup. Co., Inc 
indianapolis 2, tnd... . . - . Sutton-Garten Co. 
Kansas City, Mo........ Welders Supply & Repair Co. 
Milwaukee, Wis.......... . Machinery & Welder Corp. 
Moline, tll... . eae Machinery & Welder Corp. 
St. Louis, Mo. ewe Machinery & Welder Corp 
Wichita, Mameas. .... cece ccc nnnnne Watkins, Inc. 


(2, 
TI1/IREOS 
ARCOS CORPORATION - 308 GULF BUILDING, PHILA. 2, PA. 


Your Arcos Distributor is well informed. Your Arcos Distributor has Stock. 


WEST COAST 

Bakersfield, Calif. ...........6.. Victor Equipment Co. 
Victor Equipment Co. 
. Vietor Equipment Co. 
J. E. Haseltine & Co. 

. Victor Equipment Co. 

. .Vietor Equipment Co. 
.J. E. Haseltine & \0- 


Fresno, Calif.... 
Los Angeles, Calif. .. 
Portiand, Ore.. .. 
San Diego, Calif. ‘ 
San Francisco, Calif. 
Seattie, Wash. 


Tacoma, Wash. 


.Hawalian Gas Products, Ltd. 

Electrodos Monterrey, §. A. 
G. D. Peters & Co. of Canada 
..W. R. Grace Company 


Monterrey, N. L. Mexico. 


Chite, Botivia, Peru. 
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Micro Barrel-Plater 


by H. S. Morgan, 
Hamilton Watch Co. 


Experience of the Hamilton Watch Co. 
is that it is impossible to obtain a manu- 
factured barrel plater for small parts 
which will require only a small quantity 
of plating solution. Many such solutions 
are expensive. 

Accordingly, engineers of the company 
constructed the extremely useful and prac- 
tical small barrel-plater shown in the 
photograph 

Quantities of small parts can be satis- 
tactorily plated without large or cumber- 
some equipment and volumes of solution. 
New and experimental plating solutions 
an be tried under simulated production 





conditions without requiring more than 
Ls ml. of solution. 

entire assembly is.mounted on a 
rrosive base, | ft. sq. A removable 
tank of stainless steel, coated on the in- 
side with an acid-alkali resistant, insulat- 
ing material prevents current loss and 


n 
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possible attack on the metal by corrosive 
solutions. 

Two battery connectors, on each side 
of the barrel, provide for making contact 
and holding the anodes in position. These 
clamps also make possible a quick change 
of metal and anode-cathode area ratio. 

The barrel is of hard rubber, perforated 
to allow the free flow of solution in and 
out of the barrel. Round metal tum- 
blers are fastened to the inside of the 
barrel to provide cathode contact and to 
tumble the metal parts for uniform plat- 
ing. In cases where immediate contact 
and circulation is advisable, the electric 
motor and current for plating can be 
turned on and the barrel containing the 
parts can be placed in the slots and 
dropped into place. 

Simultaneously, the gears are meshed 
and the cathode contact is made so that 
plating will begin immediately. Power 
to rotate the barrel is furnished by a 
small electric motor and carried to the 
bottom of the tank through a train of 
hard rubber gears. Space is provided 
for a specially-designed immersion heater 
and thermocouple for automatic control 
of warm or hot solutions. 

In the production plating of small 
parts an extra barrel can be made for 
these platers so that one lot of parts can be 
prepared and placed in the barrel while 
another lot is being plated. With proper 
adjustments good results have been ob- 
tained in plating cadmium, nickel, gold, 
silver, indium, cobalt-nickel, and copper 
from conventional solutions. Some other 
metals can, no doubt, be plated with 
equally satisfactory results. 





These platers are unusually suited to 
experimental trials and investigations of 
new plating solutions. This is of par- 
ticular value to the laboratory where 
many of the ideas on plating and metal 
finishes originate. 


Removing Soldering Flux 


from Stainless Steel 
By Arthur P. Schulze 


Among the unusual production kinks 
encountered from time to time by various 
plants in fabricating stainless steel is the 
removal of acid flux from pickled finished 
sheets after soldering to prevent attack or 
staining of metal. The following is one 
means of handling the problem. 

Usually, the entire part is thoroughly 
cleaned immediately after soldering while 
the flux is still liquid before it dries and 
hardens. One immerses the soldered work 
in a solution of Oakite No. 29 (or No. 
30 or 37) detergent at room temperature. 
After “soaking” for a short period the 
work is brushed or rinsed. 

Neutralizing the entire part, rather than 
the solder joint only, is advised because 
splattering and fumes from the flux may 
coat the metal with acid at points away 
from the joint itself, and will, if not 
removed, cause pitting and corrosion of 
surfaces. If flux has become oxidized and 
hardened, work is then treated with a 
certain acidic solution, such as Oakite, 
either No. 32 or No. 84. 
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.-- For All-Position Welding of High-Strength Steels 


One of the most important welding developments 
in recent years, the new Murex line provides two 
complete series of chrome-moly electrodes espe- 
cially suited for all-position welding of power plant 
piping and equipment as well as a variety of appli- 
cations involving high tensile strength steels. 


The graduated alloying contents of chromium 
and molybdenum give these electrodes a wide 
range of well-balanced mechanical properties. 
Thus it is possible to select weld metal similar in 
strength and ductility to many high tensile steels. 
The eight electrodes, listed at right, comprise 
the two groups. 


METAL & THERMIT CORPORATION 


120 BROADWAY, NEW YORK 5, WN. Y. 
Albany + Chicago «+ Pittsburgh + So. San Francisco + Toronto 


? 
TWO NEW SERIES OF MURERELEC 














MUREX TYPE AWS Grade 


Ro cal E7010 
-» for use on direct current Ses, cad E8010 
with reverse polarity. See E9010 
Py pains E 10010 
MUREX TYPE AWS Grade 
- -forese on alternating car- ee. ceocan E7013 
reat or direst carrest with REAR E8013 
either Saka E9013 
es agp: £10013 


Write teday for mere complete information concersing these electrodes. 
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‘eat Welding With a Carbon Arc 


by S. Craig Cairns, 
Hobart Brothers Co. 


Lead welding, sometimes inaccurately 
called “lead burning,” heretofore has been 
jone with the oxy-gas welding torch and 
welding rod, but here is the first time we 
can recall that lead has been successfully 


welded. 
“a preparing a room at Hobart Trade 





School for installation of a 250,000 volt 
X-ray machine for testing of metals and 
welds, it was necessary that the floor and 
walls be lined with sheets of Y-in. lead 
to absorb the rays of the X-ray equipment 
and protect the area adjoining the test- 
ing room. 

The walls were covered by lapping the 
lead sheets and nailing, but to lap the 
lead on the floor would result in bumps 
and eventual wearing and breaking of the 
lead. The floor is to be covered with 
asphalt tile blocks, and a smooth-even job 
of laying the lead sheets was necessary. 

The edges were butted and joined by 
arc welding, using a carbon arc torch and 
strips cut from the lead sheets for filler 
rod. Welding current of 15 amps, 15 
volts was used from a Hobart 300-amp. 
arc welding machine, but fitted with a 
Hobart Thinweld attachment connected 
to the welding circuit to reduce the 
amperage to the 15 amp. required to 
weld the lead. 

Joints were welded at the rate of 24 
in. to 30 in. per min. by puddling the 
lead filler strips with a slight weaving 
motion. This work, of course, must be 
done in the down hand position and well 
backed up with steel or copper. In this 
case the lead sheets were being laid on 
a steel floor, which formed a perfect 
backing. 


Cutting Tubing Rapidly 


by H. G. Titus, 
Youngstown Sheet & Tube Co. 


Our shop received a rush order for 
100,000 pieces of Y-in. diam. tubing 
in 413@-in. lengths, followed almost im- 
mediately by another for 250,000 pieces 
of l-in. tubing in lengths of 22 11/16 
in. Both were hurry-up orders for the 
seasonal trade. 

The material could not be cut to size 
on our weld mill because tubing comes 
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out too fast to be cut in such short 
lengths. The normal procedure for the 
l-in. material would be to cut to near 
proper length with a cutoff saw, then 
ream to exact length. But this is a double 
process, slowing output and making con- 
siderable waste and allowing an output 
of 1,500 pieces in 8 hr., which was much 
too slow. 

So we devised a rapid lathe cutoff. We 
took a scrap lathe, equipped it with a 
Zagar speed chuck, used spare bearings 
for the spindle and built a cross carriage 
to support the tool. We made a long 
wooden trough to support the material 
as it was being fed into the lathe. 

The 1-in. material was cut into lengths 
of 19 ft. 6 in. on the welding mill; the 
4 in. into 21 ft. lengths. From there 
they were taken to our improvised lathe 
cutoff. The material is fed into the 
lathe from the left. It comes to an ad- 
justable stop, which gives the exact length, 
is clamped and cut off in seconds. Waste 
is almost eliminated. 

With 4-in. tubing the output is 3,600 
pieces in 8 hr.; with the l-in. material, 
3,500 pieces. The device has cut required 
time by 75%, and, of course, reduces 
scrap. It is adjustable so one can cut 
pieces from 1 in. to 6 ft. long. 


Cemented Carbides 


for Forming Stainless 
By R. D. Mack, 


Carboloy Co., Inc 


Gains in die life ranging from 10 to 1 
to as high as 20 to 1 by the use of 
cemented carbides for three out of the 
four dies used on a certain forming opera- 
tion on stainless steel is reported by Neu- 
Bart Stamping & Mfg. Co., Los Angeles. 
The concern was engaged in the manu- 
facture of stainless steel sleeves for the 
exhaust system of B-24 planes. 

The process is rather unusual since there 
is a small reduction in wall thickness of 
the stock through the operations. In pro- 
ducing the sleeves, a stainless steel blank 
of 0.063-in. thickness and 9 in. in diam. 
is first formed into a cup, 5\4-in. in diam. 
The next three operations, performed with 
dies having Carboloy nibs, reduce the O.D. 
of the sleeve successively to 4 in., 3 in., 
and finally to 2% in., as shown in the 
accompanying illustration. 

Production figures show that the various 
types of high production steel dies pre- 
viously used produced between 500 and 
1,000 pieces, on an average, before re- 
grinding. The Carboloy dies regularly 
turned out between 5,000 and 10,000 
sleeves to required finish and dimensional 
tolerances before the dies had to be re- 





polished, effecting a material saving in die 
maintenance costs and also upping to some 
extent the effectiveness of the presses by 
decreasing the down time necessary for 
changing dies. 





Automatic Wire Chipper 


D. Rozental & R. David Thomas, Jr., 
Arcos Corp. 


For several years our laboratory has 
been using a wire chipping machine to 
provide fine chips from wire samples of 
various diameters for chemical anal- 
ysis. The machine consists of a Boston 
Gear Works Ratiomotor (catalog number 
MD2848T, mounting A, ratio 48-1, low 





speed 26 rpm, torque value 230) fitted 
with about a dozen high-speed Brown 
and Sharpe screw slotting cutters (catalog 
number H25, gage 20, hole 1 in.) 

The wire to be chipped is held in a 
simple fixture supplied with an adjustable 
weight which is used to vary the force 
of the wire against the cutters. The force 
to be used depends on the diameter of 
the wire; the larger the diameter, the 
greater the force necessary. Once the wire 
is fixed in the machine, the chipping is 
completely automatic and no supervision 
is needed. 

The advantages of this machine over 
other methods of obtaining samples are: 
(1) Fine chips obtained that are readily 
dissolved; (2) little time required to 
operate; (3) compact equipment easily 
located in a chemical analysis laboratory 
and always available for obtaining ad- 
ditional chips of a sample; and (4) easily 
operated by a laboratory technician rather 
than by a highly paid machinist. 


A firm had the problem of silver braz- 
ing 1400 joints on certain fittings. The 
male barts were 1-in. copper pipe and the 
female parts were of a stainless steel that 
would take silver solder if proper heat 
were used. At first the solder ran toward 
the hottest point and the operators could 
not make it flow in all directions. Finally, 
a multiflame ring head was used in con- 
nection with an Oxweld W-17 welding 
blowpipe and the job was completed with- 


out further trouble. 


““Oxy-Acetylene Tips,” 
Linde Air Products Co. 
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Special Work-Handling Fixtures 


By Cecil C. Peck, 
Cleveland, Ohio 


Often in welding jobs the unique shape 
of the parts to be welded do not lend 
themselves readily to handling and posi- 
tioning by ordinary methods. Manufac- 
ture is slowed down and the usual advan- 
tages of mass production are not realized. 
However, there are designers and manu- 
facturers whose specialty is to design and 
manufacture special fixtures for automatic 
welding of odd shapes and sizes. 

An interesting case is the production of 


removed from the drum at the third 
station. 

When revolving the welding table from 
station to station, the entire welding head 
is raised up out of the way by a turn of 
the compressed air valve control lever 
located just above the foot pedal release 
for the indexing mechanism. 

The granular flux used in the welding 
is recovered through a vacuum tube at the 
third station on the welding table. The 





compressor units for refrigerators at the 
Richmond, Ind. plant of the Crosley Corp. 
These units measure 914 in. in both diam. 
and height, and consist of two cup-shaped 
members fitted together and automatically 
welded around the circumferential seam 
to make it absolutely leak-proof. As a 
result of the use of a special fixture, the 
speed of welding and handling was in- 
creased to a production rate of one com- 
pletely welded compressor unit per min. 

The fixture has a specially designed flux 
recovery unit. All operations, except load- 
ing and unloading of the casing structures, 
are handled by electric power supple- 
mented with a compressed ‘air actuated 
lifting mechanism. 


The formed steel body and end section 
of the casing are placed in one of three 
drums on the circular welding table. The 
drums are hinged to permit easy insertion 
and removal of the work. After inserting 
the parts, the drum is clamped shut and 
the entire table top is revolved by depress- 
ing a foot pedal. This releases the in- 
dexing mechanism and positions the work 
directly under the automatic welding head. 
The welding head, flux hopper and wire 
electrode reel are then lowered to the cor- 
rect welding position by compressed air, 
and the drum and work revolves at a pre- 
determined welding speed. 

Flux is gravity fed through a tube ahead 
of the arc where it completely covers the 
arc and protects the hot weld deposit from 
the atmosphere while cooling. Excess flux 
is trapped in a circular dam arrangement 
located around the joint to be welded. 
During the 25 sec. for the automatic weld, 
another casing assembly is being clamped 
in the drum at one of the adjacent stations 
and a finished unit is being cleaned and 


776 


flux is screened in the flux recovery unit 
and the reusable, salvaged flux is carried 
to the top of the vertical chute by a con- 
tinuous small bucket-type belt conveyor. 
The flux is then dumped and returned to 
the flux hopper ready for re-use. 

All structures comprising the special re- 
volving welding fixture and flux recovery 
unit are of sturdy welded steel design. 

At the left in the accompanying photo- 
graph is the compressor unit for the 
Crosley refrigerator after welding. At the 
right is the fixture itself, with the flux 
recovery unit at the right. 


Replica Surface Analyzer 


By Harry K. Herschman 


A method for evaluating surface finish 
through the medium of a nearly trans- 
parent plastic replica of the surface was 
developed at the National Bureau of 
Standards. 

Basically, its operation consists in pass- 
ing a restricted beam of light through an 
oscillating test replica, thence through a 
restricting diaphragm onto a photoelectric 
cell. The light transmitted through the 
oscillating replica and reaching the cell is 
of variable intensity because of geometric 
characteristics of the replica from area 
to area scanned by the beam of light. 

These fluctuations of intensity of the 
transmitted light cause a corresponding 
variation of electronic transmission, pro- 
ducing a pulsating voltage in the cell 
circuit which is recorded by an electronic 








voltmeter. This voltage increase; With ; 
creased surface roughness. ™ 

Some of the salient features of 
method of surface analysis are: (1) 
maintenance of a permanent record of 
surface finish; (2) rapid average eval ; 
tion of a considerable length and wide 
of surface at one setting; (3) simplic: 
of operation; (4) absence of the ! 
factor; (5) preservation of a surface even 
for soft materials; and (6) availabil; 
of the method, since the replica pear 
prepared in one locality and transported 
to the location of the analyzer. 

Results of recent experiments haye in- 
dicated that this type of apparatus also 
may be applicable for evaluating the ¢o,. ay 
rosion pitting of a metal. svt 


Back-Stepping 
to Eliminate “‘Cupping”’ 


By John Plaskon, 
Metal & Thermit Corp. 


In the welding of automatic domestic 
stoker coal hoppers fabricated of 12- and 
14-in. gage sheet steel, peculiar Cupping 
of the parent metal on the face of the 
sheet metal was encountered on the side 
opposite the fillet welds, as shown in the 
diagram. The cupping was too deep to be 
ground out, and could not be tolerated in 
the finished product as a smooth finish 
was required on the exposed surface. 

A study of this condition showed that 
the parent metal was brought to a white 
heat during welding and that the area, 
which was actually in a liquid state, was 
drawn in as a part of the weld metal mass 
as the weld deposit cooled. In an effort Re 
to correct the cupping condition, the am- 
perage was reduced. This increased the B. 
time factor without lowering the heat He 

A. 





input or causing any appreciable decrease 
in the cupping. 

Genex, Alternex and Type U electrodes 
in the 1/8-in. size and both Genex and 
Alternex in the 3/32-in. size were tried 
without success when employing normal 
welding techniques. The problem was 
solved by using a “whip” technique by | 
means of which the metal was deposited 
in short back-handed steps, as indicated x 
in the chain sketch. 

This method, properly used, prevented 
the parent metal from reaching a white 








SECTION 
A-A 
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heat and totally eliminated cupping, with- 
out loss in production speed. It was rec 
ommended that 1/8-in. Type U electrode 
be used since it is better adapted to the 
whip technique when using current. 
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DIGEST 


A selection of outstanding articles on engineering materials 
and processing methods in the metal-working industries. 


MATERIALS and DESIGN 


Metals and Alloys 

Aluminum for Elevated Temperatures............4.. 782 
Nickel Steels and Cast Ivoms ..... 005... c cence 782 
German Stainless Steels ..... Fills sso av odsh-e Rae a 784 
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Aluminum for Elevated Temperatures 


Condensed from “Metals Technology” 


Aluminum sheet must sometimes be used 
where moderately elevated temperatures are 
encountered, and attention has been directed 
toward determining the influence of “arti- 
ficial aging” on room-temperature prop- 
erties. Two groups of materials were tested, 
Group A consisting of naturally aged alloys, 
24S8-T Alclad sheet, 24S-RT Alclad sheet, 
and 61S-W bare sheet; Group B consisted 
of 24S8-T80 Alclad sheet, 24S-T81 Alclad 
sheet, 24S-T86 Alclad sheet, 61S-T bare 
sheet, and XB75S-T Alclad sheet. 

Strains at elevated temperatures were 
measured by an extensometer, with times 
extending to 1000 hr. Temperatures of 
75 F, 212 F, 250 F, 300 F and 375 F 
were used. As with other materials, creep 
may be a significant factor in elevated- 
temperature tests. Stress-rupture tests at 
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300 and 375 F indicate that eventual fail- 
ure may occur under steady loading at 
stresses well below the value of the short- 
time tensile yield stress. 

Associated with strength requirements is 
corrosion resistance. In 24S-T and 24S-RT 
a marked susceptibility is known to occur 
in the early stages of elevated-temperature 
aging. Corrosion resistance improves with 
continued aging, and approaches that of 
the original material. Corrosion problems 
may be expected to attend use of these 
alloys up to about 300 F. Use of 24S-T8 
series may minimize these difficulties. 
XB75S-T and 61S-T may also be suitable 
for elevated-temperature service. 

Members of the 24S-T8 series seem to 
offer the best possibilities for service at 
elevated temperatures. After sufficient ex- 


posure, 24S-T and 24S-RT may approach 
the strength of the 24S-T8 series py; 
until fully aged they are lower in st:ength 
and may be expected to be lower in <orro. 
sion resistance. The strengths of 61S.w 
and 61S-T are lower than those of 245.Tg 
under all conditions tested, while the 
XB75S-T suffers a rapid loss of strength 
at temperatures above 250 F. 

The effects noted in 24S-T, 24S-RT 
and 61S-W are those of marked pre. 
cipitation hardening, followed in some 
cases by overaging. Tensile properties of 
24S-T and 24S-RT are little affected by 
exposures of as much as 1000 hr. at 212 
F and 250 F. 

At 300 F there is a substantia! increase 
in yield stress, while early overaging is 
apparent at 375 F. Even at the latter tem. 
perature the yield stress after 1000 hr. 
is scarcely lower than the %4-hr. value, 
but the ultimate stress has dropped 
markedly. 

Materials in Group B show no de- 
crease in yield strength in temperatures as 
high as 250 F, but at higher temperatures 
show effects of overaging. 


A. E. Flanigan, L. F. Tedsen & J. E. Dorn 
Metals Technology, Vol. 12, Dec. 1945 
Tech. Pub. No. 1929. 19 pp 


Nickel Steels and Cast Irons 


Condensed from “Tool Engineer” 


The selection of the proper low alloy 
steel should depend not only on its hard- 
enability and fabricating properties but also 
upon its ability to meet the service con- 
ditions as proven by past performance. A 
number of specific applications are given 
with the nickel bearing steels that have 
been satisfactory. 

Arbors and collets. are sometimes made 
of direct hardening nickel-chromium-molyb- 
denum steels. Direct hardening nickel alloy 
steels are also suitable for boring bars, 
calking tools, ring and thread gages, ham- 
mer heads, hobs, punches and hydraulic 
rams. 

Nickel steels have given excellent service 
for most hand tool applications such as 
wrenches, hammers, sctew ‘drivers, pliers, 
nippers, chisels, punches and rivet sets. 
Nickel-chromium-molybdenum steel is l- 
most the universal choice for drop hammer 
die blocks. Nickel steels are also used for 
die casting and for molding plastics. Nickel- 
chromium-molybdenum-tungsten steels have 
given good service in mandrels, dies and 
containers of presses for extruding alumi- 
num, brass and high nickel alloys. 

Nickel additions improve the machin- 
ability, structure, uniformity, density and 
pressure tightness of cast iron. Nickel cast 
iron is used for surface plates, angle plates, 
lapping plates, jigs, fixtures, bushings, 
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For the Answers 


to dtainless forming problems. 
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Spring-Back? How much spring-back should we 
allow for in designing dies to dish 12-in. dia., ES 18-8 


(Type 302) reflector bowls 2 in. deep, from 10-gauge 
sheet? 


Best Finish for Drawing? What sheet finish 
is best for deep-drawing, and how can we obtain the 
highest drawn finish—without after-polishing—on heavy 
ES 18-8Lc (Type 304) hospital ware? 


Bending Cylinders? Can we form 3-ft. dia. 
cylinders in ES 12 Stainless plate (Type 410) on bend- 
ing rolls? Can it be done from the flat in one pass? 


Scratch Protection? What is the best way to 
protect polished Stainless sheet from scratching on a 
bending brake? 


Deep Spinning? Can ES18-81c sheet (Type 304) 
be spun deeper with a bar or roll spinning tool? What 


do you recommend as a lubricant and how should it 
be applied? 


How Many Operations? How many draws 
and reanneals will be necessary to cup an 8-in. dia. 
20-gauge shell 6-in. deep in ES 17 (Type 430) sheet? 












Down-to-earth problems like these are answered every day at 
Eastern. Your questions about handling Stainless . . . whether 
on deep drawing, spinning, bending, or any other method of 
fabrication . . . are invited. Send now for your copy of the all- 
inclusive catalog, “Eastern Stainless Steel Sheets,"’ for many of 
the answers. And, if you need further or more specific informa- 
tion, get the answer from any of our 18 offices or distributors. 
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EASTERN STAINLESS 
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BALTIMORE 3, MARYLAND + psn 


-HICAGO - CLEVELAN DALLAS - DETROIT - LOS ANGELES - NEWARK + PHILADELPHIA 
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WHEN YOU THINK OF NEW ALLOYS 
TO MEET NEW CONDITIONS .... 


CERIUM” offers many possibilities to the 


Tit lollitigeltt me i-1-1 diate alk pMm i aceleh Melale Milolae 


ferrous alloys to meet new conditions of 


heat and corrosion resistance, tensile 


strength. 


If you don't yet possess up-to-date infor- 


Tiletiiolamelefeltimel a 11h uM Melee) olsail-tMiols 


Degasifying * Grain Refinement 
Deoxidizing * Corrosion Resistance 


Heat Resistance * Geftters 


Investigate this remarkable element today, 
by sending for full information. 


CERIUM STANDARD ALLOY 


Containing 45-50% Cerium — Balance 
il 


principally rare earth metals 


y-Wivemeh ellie] +).- 
CERIUM MASTER ALLOYS 


a 


FIFTH AVENUE 


NEW YO 18. N.Y 











sleeves and bearings. It has also beep Used 
extensively for forming dies, as welj & 
for lighter weight, thinner sectioned ay 
ings such as cylinder liners, smal! ge, 
and lightweight machinery frames and 
housings. Nickel-chromium cast iron ;, 
used for beds, saddles, tables, spindj., 
small gears, and hydraulic valve parts, |, 
is also suitable for wear resisting Castings 
such as pulleys, dies and cams. 

Nickel-molybdenum cast iron is satis 
factory for crankshafts, gears, tool shank, 
and machine parts requiring high strength 
The tensile strength of all these cast iron, 
can be increased by about 15,000 to 25,0 
p.s.i. by oil quenching and tempering. 

Some applications have been made of the 
nickel bearing stainless steels and of Nj. 
Resist. There are a few specialized appli. 
cations where nonferrous alloys such 4 
K, S, M and Z Nickel have distinct ad. 
vantages due to their corrosion resistance 
and nonsparking characteristics. 

Alloys of the Invar type with abou 
36% nickel have low thermal expansion 
properties and are therefore useful fo, 
gages, and fixtures used in conjunction with 
parts that require dimensions finished to 
extremely close tolerances. Nickel contain. 
ing permanent magnets of the Alnico type 
are used for “nonelectric” magnetic chucks 


T. N. Armstrong & J. S. Vanick. Tool Enginee; 
Vol. 15, Nov. 1945, pp. 24-30 


German Stainless Steels 
Condensed from “The Iron Age’ 


Data are presented, mostly in tabular 
and graphical form, showing the types of 
stainless steels and high-temperature alloys 
commercially produced in Germany during 
the critical period of the war. 

Two high-temperature alloys, designated 
as Tinidur and CMV Special (Cromadur), 
were developed by the Krupp Co. specif- 
ically for use as blading material for the 
gas turbine of the Junkers 004 Jumo jet 
plane. 

A number of the German steels are very 
similar to grades produced in the United 
States, but there are numerous deviations 
from what we consider normal composi- 
tion and, in addition, there are numerous 
alloys which have not been commercially 
produced in this country. 

The turbine blade of the Junkers jet- 
plane was originally made from a low-alloy 
heat-treatable grade FK(D) M10 analyzing 
0.25 carbon, 3 chromium, 0.4 tungsten, 
0.4 molybdenum and 0.2% vanadium 
Later the wheel was produced from a steel 
analyzing 0.30 to 0.40 carbon, 1 chromium 
and 0.20% vanadium, which was known 
as grade CM{25. 

One of the outstanding characteristics 
of the steels as a class is the extensive use 
of aluminum as an alloying element in the 
straight-chromium type of heat-resisting 
steels. 

In the field of ordinary stainless steel 
applications the Germans did not dev: 
anything of outstanding importance 
ing World War Il. In general, the 
search and development activities of Krupp 


(Continued on page 788) 
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Wow get a quick answer 

when you use this new Frasse 
data chart. With it you can compare—at a glance— 
the physical properties of 16 different stainless 
grades. Makes it easy to select the type best suited 
to your application. 


In full color—and in quick graphic style—this 
new Frasse chart compares nine important stain- 
less factors — tensile strength, yield, izod, creep, 
machinability, scaling resistance, thermal conduc- 
tivity .. . and relative cost. For additional selec- 
tivity, a comparative corrosion resistance table is 
included on the reverse side. 
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| Peter A. FRASSE & Co., Ine. 20-1 | 
| 17 Grand Street, New York 13, N. Y. 
| 

, Centlemen: i 
Piease send me without obligation, a copy of the new FRASSE 1! 
Cata Chart Section A, No. 4. | 
Name Title. 
{ Firm ] 
I 1 
| No. & St. i 
/ I 
’ ity Zone State } 
y a | 
Ce ee et ee ee ee ee ee ee ee ee ee ee ee ee ee soar aa 


MARCH, 1946 


Whether you want to review your present stain- 
less picture... or to find the right grade for a new 
use—you'll find this Frasse chart invaluable in your 
stainless planning, production and purchasing. 
Send for your free copy today. Peter A. Frasse and 
Co., Inc., 17 Grand St., New York 13, N. Y. 
(Walker 5-2200) 3911 Wissahickon Ave., Phila- 
del phia 29, Pa. (Radcliff 7100) 50 Exchange Street, 
Buffalo 3, N. Y. (Washington 2000) Jersey City 
Hartford + Rochester + Syracuse + Baltimore 


FRASSE 1. 


Alloy, Stainless and Cold 

Finished Carbon Steels 

Bars « Tubes e Sheets 
Strip « Wire 
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® Hitherto the distribution of O.F.H.C. 
Copper has been restricted to cer- 
tain special end uses such as 
electronics. 


@ O.F.H.C. Copper and a few special 
dilute alloys thereof are now avail- 


able for most uses. 


THE AMERICAN METAL COMPANY, LTD. 


6| Broadway. New York N. Y 
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Investigation of Aluminum Bronze Alloys is warranted by foundrymen and designers where 
metal parts are subjected to either recurrent stresses or compressive forces and resistance fo 
fatigue is sought; where the ability to withstand high temperatures or, where a high degree 
of corrosion resistance to many chemicals may be a significant factor in materia! selection. 
Supplied by Ajax in alloyed compositions of copper, aluminum and iron, as well as special 
alloys containing nickel and manganese, a complete selection of Aluminum Bronzes is 
available to meet all existing specifications as listed by Non-Ferrous Ingot Metals Institute, 
ASTM and the Federal Government. Ajax, in adhering to its policy pioneered in the very 
infancy of the non-ferrous metal industry, exercises the closest scientific control over the 
production of these alloys. Metal men may look to Ajax with continued confidence noi only 
for supply of highest quality Aluminum Alloy ingots, but also for practical technical know-how 
on correct foundry practice for producing better castings with fewer rejects. 


| 1860 
a 
PHILADELPHIA 23, PA. 


ASSOCIATE COMPANIES 
AJAX ELECTRIC CO. @ AJAX ELECTROTHERMIC CORP. @ AJAX ELECTRIC FURNACE CO. @ AJAX ENGINEERING CO. 
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in the field of heat-resistant staitless 
were directed toward steels of lowe: 
alloy content in an effort toward Conse, 
vation of strategic alloying elements 
The limitations in the available Supp 
of certain alloying elements made jt neces, 
sary to develop grades where molybden 
nickel and columbium were either not Use 
or were largely replaced by Manganey 
titanium and vanadium where possibj, 
Cobalt and columbium appeared to be ,, 
longer available for the production of 
stainless steels and high-temperature alloys 


—A. L, Feild. Iron Age, Vo). )- 
Dec. 20, 1945, pp. wa. 


Machinability of Sulfurized Steels 


Condensed from “Steel” 


Responding to the need for lower; 
direct costs and increasingly higher quality 
parts, manufacturers developed a host of 
special practices, secret methods, and jp. 
ventions relating to the addition of sulfy; 
in one form or dnother to alloy or carbon 
steels. 

Typical of these are the two patente 
methods covering the addition of molyb. 
denum sulfide and claiming as a result of 
their use an extraordinarily uniform dis. 
tribution of desirable sized and shaped 
sulfur particles. 

The advent of the war stimulated past 
efforts to improve the machinability of 
alloy steels. Sulfur introduced by means 
of an anhydrous sulfite has resulted i: 
claims and reports of not only the usual 
improvement in machinability and finish 
of parts fabricated from steels so treated, 
but in a steel of more normal rolling char- 
acteristics as compared to other sulfur-bear- 
ing steels. A fourth advantage claimed is 
that a tool life greatly superior to that 
normally expected for an equivalent sulfur 
content may be experienced. 

Recent experience in machining sulfite 
treated alloys has been quite favorable, both 
as compared with untreated and with stick 
sulfurized steels. 

Sulfite-treated steel reduced the cycle 
from 33 to 27 sec. on one machine load of 
four bars. Subsequent production has eased 
the cycle somewhat with a gross increased 
production of parts of about 30%. Tool 
life, however, remains doubled and _ the 
overall efficiency has risen sharply. 

A screw machine experimentation with 
sulfurized alloy brought out that like 
increases in tool life could be expected with 
sulfite-treated alloys over nonsulfurized 
steel in a typical NE analysis. This resulted 
in an indicated increase. in’ past production 
of 38% and an increase in form tool life 
of over 300%; drill life improved over 
100%. 

Continued experimentation will be te 
quired before definite conclusions can be 
advanced, but these and similar prelim- 
inary reports of the increased tool life, 
machinability, or production realized with 
sulfite-treated alloys, and sulfurized alloys, 
indicate that a measurable contribution has 
been made toward improved machinability 
of the constructional alloy steels. 


—H. M. Clarke. Steel, Vol. 11! 
Dec. 17, 1945, pp. 116, 119. 162 
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less costly to build with ZINC base 
die cast 









One of several styles and sizes of side 
frames for “Standard” Duplicating 
Machines die cast of zinc base alloy. 


ACTUAL COST FIGURES of the Standard 


Duplicating Machines Corporation, of 

















Everett, Mass., show that various parts of 
their machines can be designed and pro- 
duced at lower cost with zinc base die cast- 


ings than with any other material or method. 


Another outstanding factor reported by 
Production Manager D. P. Hoover is “as- 
surance that all parts will be identical .. . 
for complete interchangeability in servicing 


and replacement”. 


In addition to accuracy of dimension and 
low over-all cost; adequate strength, uni- 
formity of cross-section and smooth, readily- 
finished surfaces are also important attri- 


butes. 


In order to assure such quality, it pays to 
use pure zinc. Anaconda Electric Zinc is 
99.99% pure, and so provides a dependable 


base metal for quality zinc-base die castings. 


45368 


ANACONDA SALES COMPANY 


25 BROADWAY, NEW YORK 4, N.Y. 
Subsidiary of Anaconda Copper Mining Co. 








COPPER: ZINC + LEAD: SILVER* CADMIUM: BISMUTH + ARSENIC 
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New Plastics in Aviation 


Condensed from “Aero Digest’ 


Four new plastics, Plastipeel, Plastiform, 
Plastipaste, and Plastitool, are now being 
extensively used by aircraft manufacturers. 
They were developed by L. C. Wilson, 
chief engineer for Duorite Plastic Industries 
at Culver City, Calif. 

A vinyl-base material that resembles 
lacquer, Plastipeel is used as a protective 
covering for metals. It can be applied by 
dipping, brushing, or spraying. 

It dries tack-free in 20 to 30 min. and 
gains its maximum strength in approxi- 
mately 5 hr. Unless it is purposely cured 
with heat, it can be readily peeled from 
any surface with the fingernails. 

Plastiform is a combined ceramic and 
thermoplastic, which is 100% reclaimable 
without additives. It has been used in 
making profile or Keller duplicating blocks, 
blueing blocks, master mockups, router fix- 
tures, nesting fixtures, master checking fix- 
tures, stretch press form blocks, forms for 
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contact laminating, protective coverings for 
other materials, and molds for casting other 
plastics. 

It can be melted in a steel or black iron 
double boiler, the outer container contain- 
ing an oil bath and a thermostat which 
should maintain temperatures of 300 to 
400 F. 

Finished castings of this material can be 
sawed, sanded, drilled, and otherwise ma- 
chined like hardwood. It can be polished 
with steel wool. 

The third material, Plastipaste, is a 
thermosetting phenolic resin compounded 
with suitable fillers for high strength and 
low shrinkage. Because it weighs only about 
half as much as magnesium, it has been 
found especially useful in fabricating router 
fixtures, nesting fixtures, forms for contact 
laminating, and others. 

It can be cured in 10 min. by use of a 
hot catalyst, or 6 to 8 hr. with a cold 





catalyst, the latter, however, Producing the 
most desirable physical properties. 

Plastipaste is essentially a troweling m,. 
terial because of its extreme Viscosity, 4), 
though it can be cast as a solid mold, ;, 
cannot be machined by all convention 
methods, but it can be readily drilled or 
sawed with ordinary woodworking tool; 

Distinguished by the fact that it has the 
greatest impact resistance of any plastic oj 
this type currently known to exist, Plays; 
tool is a cold-pour phenolic whose physic) 
properties are attained without fillers. j, 
has been used in making form blocks, dies 
ornamental objects, and numerous smal] 
accessories. 

Its strength characteristics depend on the 
quantities of catalyst that are added to the 
mix. It is cured in an oven for a period of 
4 to 8 hr. at about 150 F. 


—T. A. Dickinson. Aero Digest, Vol, 5 
Dec. 1, 1945, pp. 73-74, 106 


lircon as a Ceramic 
Condensed from “The Bulletin 


of the American Ceramic Society’ 


Zircon, a zirconium silicate, has a spe 
cific gravity of 4.6 to 4.7, Mohs’ hardness 
of 7.5, poor electrical conductivity, and 
extremely low magnetic susceptibility. It 
average coefficient of linear expansion from 
20 C to 1200 C is 45 x 10°", per degree 
C, placing it in the category of refractories 
very resistant to thermal shock. The sys- 
tem has a melting point of 2550 C (4622 
F), with other molecular combinations 
melting at from 1705 C (3101 F) to 
2430 C (4406 F). 

Zircon is available to the ceramic in- 
dustry as technical grade, with 645% 
ZrOz; ceramic grade, with 66.5%; and 
electrical grade, with 67.1%. As a refrac 
tory, its characteristics include (1) high 
melting point and softening point (P.CE. 
value approximately cone 42); (2) thermal 
conductivity of an order similar to fire clay 
but inferior to silicon carbide; (3) rel 
tively low thermal expansion; (4) freedom 
from pronounced structural inversions, and 
(5) satisfactory abrasion resistance and 
striking resistance to certain molten metals 
and acidic chemicals, slags, and glasses. 

Of major importance in the function and 
application of zircon refractories is (1) 
selection of proper types and proportion of 
grain and fines for optimum physical and 
thermal values; (2) choice of suitable 
green bonding agents; (3) determination 
of the nature and amount of fire bonding 
agents to retain maximum refractoriness 
and strength; (4) selection of suitable pat- 
ticle-size distribution and deflocculation 
agents for slip casting zircon ware; and 
(5) proper firing temperatures and sched- 
ules adapted to the end use of the refrac 
tory in question. 

These refractories have been successful 
in metaphosphate manufacture, in the melt 
ing of aluminum, for laboratory ware, i® 
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Bo ‘Materials and Methods” readers: Your copy, ready now... 
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“BEST WAY TO KEEP UP TO 
DATE ON PLASTICS IS TO KEEP 
UP TO DATE ON MONSANTO” 




















Just off the press, this new Monsanto 
Plastics catalog will give you the latest, 
most authentic information on industry's 
broadest and most versatile family of 
plastics. | 


Here are 16 full size, fact-packed 
pages of practical information. .. plus 
a large useful chart of comparative 
properties of all plastics. 


Whether you're a molder, fabricator, 
designer or end-user of plastics you are 
sure to find here valuable information 
applying to your problems. 


Send in the coupon below, today. You 
will receive your catalog by return mail. 
For other information, or for the right 
answers to your special plastics problem 
from Monsanto's Plastics Technical Coun- 1 
cil, address: MONSANTO CHEMICAL | 
COMPANY, Plastics Division, Springfield 
2, Massachusetts. 
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the broad and versatile family of MONSANTO CHEMICAL COMPANY 
Monsanto Plastics includes: Lustron® Springfield 2, Massachusetts 


polystyrenes ¢ Cerex* heat resistant a a | Try 
thermoplastics ¢ Vinyl acetals ¢ Nitron* () \ \ A \ | () Gentlemen: Please send to me, free of charge, your new Monsanto 
cellulose nitrates @ Fibestos* cellulose * oA ere oe! Plastics Catalog. 
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ace * Thalid* for impression mold- 
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ent packaging materials. 
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KAYKOTE 


low temperature ceramic coating 
for protection against corrosion 


Kaykote, developed during the war, is an insoluble coat- 
ing which is highly resistant to acids, alkalis, abrasion. 
impact, scratching and heat. Its endurance is proved 
both by war service in extreme cold, heat, humidity, etc. 
and by innumerable tests. It will withstand sub-zero cold 
and heat to 1200°F. 


Kaykote is an alkali, aluminum silicate having as one 
of its basic ingredients a little-known, oil bearing halloy- 
site from the only known deposits and being so processed 
that all ingredients are in suitable suspension for spray- 
ing or dipping. Kaykote is extremely thin (less than 
1/1000”). It goes farther, lasts longer. It is produced under 
patents Nos. 2182086 and 2261260 and subsequent patent 
applications. Write for samples and complete information. 


During the war corrugated steel Kaykote finished skid- 
boxes were loaded with 37 millimeter, armor-piercing shot 
brought in for case hardening. Toting these loads about, 
frequently piping hot, and dumping it in and out is a 
test for any finish. The Kaykote finish remained unharmed. 
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SHAPES ? 


WE MAKE ‘EM, 
BUT GOOD! 








SHAPES by Andover Kent embody unusval features: 
depth of draw, difficult radii, square corners . . . fea- 
tures impossible to achieve in 
post-forming operations. Thus a 
single “A K” shape economically 
replaces the usual complicated 
assembly of two or more parts formed 
from ordinary rod, shee? or tube stock. 
Come to Andover Kent — the folks 
who make shapes exclusively! 











SPECIALISTS 

in SHAPES laminated 

from resins and fabrics 

iglass, synthetic or cot- 


of America's leading in- YOUR BEST SOURCE FOR 


dustrial engineers. Tell 
us your shape require- 


ments. We probably can yt 
submit samples sf{milar to ed 
your needs. Write to An- 


dover Kent, New Bruns- 
UNBREAKABLE e LIGHT e NON-ABSORBENT 


wick, N. J.— TODAY! 











792 








precious-metal melting and den:a| inves 
ment procedures, in centrifugal hight, 
perature alloy casting, and in experimenn| 
glass-melting furnaces. It has also been 
used as a core sand and mold facing j 
casting of intricate steel, brass, br. nze, ‘ly 
minum, and magnesium equipme::. 

For electrical-resistance heating appli. 
ances, zircon forms the major COMponent 
of cements for strip and ring units, hot 
plates, cartridges, immersion heaters, et 
In the formulation of glasses, glazes and 
enamels, zircon contributes soluble i, 
conia, and acts as an opacifier, |» 
porcelains for spark-plugs, zircon has con- 
tributed valuable properties in CONNECtion 
with quartz inversions. 


—N. R. Thielke & H. W. Jamison. Bull, 4, 
Ceramic Soc., Vol. 24, Dec. 15, 1945, pp. 452.456 


Physical Properties of Mica 


Condensed from “The Journal of Research 
of the National Bureau of Standards” 


As the outgrowth of a military problem, 
an investigation of some physical properties 
of various kinds of mica was undertaken. 
Muscovite, phlogopite, biotite, ripidolite 
and zinnwaldite were studied, using do. 
mestic and foreign material. 

Linear thermal expansion was measured. 
the determinations being made in a direc. 
tion perpendicular to the cleavage plane 
of the mica. Tremendous expansion was 
noted for some samples of phlogopite and 
biotite. Samples were studied at temper- 
atures in the range from room temperature 
to 600 C (1100 F), and under 30 psi. 
Four samples expanded from 50% tw 
166% when heated through this temper. 
ature range. 

In general, the cooling curve lies above 
the heating curve. A phlogopite sample, 
measured under 1 p.s.i., and heated from 
room temperature to 600 C, showed the 
greatest expansion of the entire lot, 300% 
for the first run to 240% for the third 
run. Increase of the load to 30 p.s.i. for 
the fourth run reduced the total expansion 
to 50%. 

These expansions are by far the greatest 
of any known solid material. Nearly all 
the muscovite samples showed the greatest 
increases in thickness after heat treatment 
at 800 C (1470 F). Increases were reported 
as up to 155%. 

For the muscovite samples, color changed 
from clear to translucent or opaque, oF 
from polychrome to metallic, upon heating 
to the temperatures given. 

Since the chemical composition of all 
of the varieties of mica studied shows ap- 
preciable variation, they cahnot be consid- 
ered as pure materials, with fixed and 
reproducible properties. The physical prop- 
erties studied depend upon chemical com- 
position, the nature of the crystals, thei 
magnitude and orientation, the way i0 
which impurities enter the structure, heat 
treatment, etc. 

At temperatures in the range 800 to 
1000 C (1470 to 1830 F) many of the 
samples lose water of crystallization. The 
muscovite micas are erratic at these tem- 
peratures, due to dehydration. Phlogopite 
varieties, especially the light-colored ones, 
will withstand 800 C without appreciable 
dehydration. At 1200 C (2190 F) all 
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LOWER MAINTENANCE COSTS 
2 LESS PLANT "“DOWN-TIME”’ 


Ke 3 LESS SOLUTION LOSS 


When you use versatile Tygon Plastics to protect buildings, 
tanks, ducts, pipe, valves, pumps and other equipment from 
corrosive attack, you’re not only sure of longer, maintenance- 
free life, but: 1. You reduce “Down-time” resulting from 
taking equipment out of production for repairs or replacement, 
and 2. You avoid product or solution loss from corrosive 
contamination. 


Tygon .Plastics are resistant to a wider range of chemicals 
than any other material of construction, with the exception of 
glass and chemical stoneware. Yet, Tygon Plastics have a 
versatility in use approached by no other material. 


For example: Tygon sheet linings #:” thick can be applied 
to tanks, ducts, pipe and valves from 2” dia. up. Tygon cut or 
molded gaskets provide pressure tight, corrosion-resistant seals; 
Tygon molded mechanical goods items can be made to virtually 
any shape and in a wide range of hardnesses; Tygon flexible 


Tubing makes an excellent piping medium for gas, air or 
liquids, and Tygon extruded strips, tape or special cross-sections 
solve difficult sealing and insulation problems. 


The same basic Tygon sheet stocks, liquefied to form a paint, 
provide unexcelled protection for tank exteriors, machinery, 
walls, structural steel, in fact for any surface where corrosive 
attacks from fumes, condensates or spillage may occur. 


Tygon Plastics bring to the corrosion engineer, a versatile, 
flexible, effective material for saving maintenance dollars. If 
you’re not acquainted with Tygon Plastics, drop us a note, today. 
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CLEVELAND CHICAGO DETROIT LOS ANGELES 
leader Bui Ging 0} Imolive Building 2832 E. Grand Blvd 601 W. Fifth St 








FIGHTING CORROSION? 
YOUR CHANCES OF WINNING ARE GREATER 


withH HAVEG 


HAVEG molded plastic chemical equipment is resistant throughout its 
entire mass to practically all acids, bases and salts, to chlorine and to 
many solvents and other chemicals, excepting those of a highly oxi- 
dizing nature. 

HAVEG has strength, toughness and durability. It is unaffected by 
rapid temperature changes. It can be used continuously at temperatures 
as high as 265°F (130°C). 

HAVEG Standard Equipment includes cylindrical and rectangular 
tanks; towers; pipe, valves and fittings; fume duct; and relative items. 
Special equipment is readily made due to HAVEG’S adaptability to 
molding without involving expensive molds. Bulletin F-25 gives com- 


plete engineering, design and application data on all types of HAVEG 
equipment. Send for your copy. 


NEWARK, DELAWARE 


FACTORY -MARSHALLTON, DELAWARE 


Red! bee 























the micas blistered and were 5, changes 
as to be unsuitable for use. 

Power factors of two phlogopi:- sample; 
were considerably larger than those of 
muscovite samples, and increas-d When 
heated to 600 C, while power 
the latter showed little change. 

Some of the phlogopite an: biotite 
micas may have decided advantages {,, 
use in expanding elements in temperature. 
responsive devices. 

—Peter Hindert & George Dickson. /. 


factors of 


Nat. Bur. Standards, vara 
t. 1945, pp. 309.353, 


Chemical Resistance of Plastics 
Condensed from “Plastics” 


The resistance of organic plastics tp 
chemical reagents shows wide variation 
some being highly impervious to moy 
chemicals, whereas others are readily com. 
patible with a broad selection of organic 
solvents. With respect to acids, plastics 
compare favorably with the more common 
metals, strongly resisting attack. 

Water is an effective solvent for some 
plastic materials, and a partial solvent 
for others. Plastics may be grouped 4; 
follows in regard to their comparative te. 


| sistance to water: 


Best ressstance—Polystyrene, polyethyl. 
ene, furane resins, polyvinyl chloride ace. 
tate, polyvinylidene chloride. 

Good resistance—Phenol formaldehyde, 
polyesters, polymethyl methacrylate. 

Fair resistance—Polyviny! butyrals, urea 
and melamine, formaldehyde, cellulose ac 


| etate, cellulose nitrate, polyamides, ethyl- 
1 | cellulose, cellulose acetate butyrate. 


Organic solvents may be true solvents, 
partial solvents, or -nonsolvents for the 
various plastics. Partial solvents may cause 


_ loss of strength or some swelling without 


causing solution. Some common plastics 
and their solvents are: Cellulose nitrate— 


| acetone, ethyl acetate, butyl acetate; cellw- 


lose acetate—acetone, ethyl acetate, 70% 
ethylene dichloride, 30% methanol; cellu- 
lose acetate-butyrate—acetone, chloroform, 
ethyl acetate; polystyrene—styrene mono- 
mer, benzene, acetone, toluene; polyvinyl 
butyral—tfurfural, alcohol; polymethyl meth 
acrylate—monomer of acrylic, ethylene di- 
chloride, chloroform, glacial acetic acid, 
polyvinyl  chloride-acetate—methyl ethyl 
ketone for 87/13 proportions, isophorone, 
mesityl oxide, cyclohexanone (for higher 
chloride content); polyamides—hot formic 
acid, phenol, resorcinol; polyethylene—hot 
xylene, benzene; polyvinylidene chloride— 
hot orthodichlorobenzene; ethyl cellulose— 
acetone, 80/20 benzene-alcohol. 

When resistance to oil\ and grease |: 
required, plastics of the nonrigid polyviny! 
alcohol, polyvinyl chloride, and _ polyvin- 
ylidene chloride types are representative. 
Some of the synthetic rubbers are also use- 
ful for this purpose. 

In general, plastics show good resistance 
to acids and alkalies. From the standpoint 
of acid resistance, chlorinated rubber, poly- 
isobutylene, polyethylene,  tetrafluoroeth- 
ylene, polydichlorostyrene, chlorinated n¢o- 
prene, polystyrene, polyvinylidene chloride, 
polyvinyl chloride and polyvinyl chloride- 
acetate are acceptable. 


John Delmonte. Plastics, \ 3 
Nov. 1945, pp. 36-39, 12° 
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THE EUREKA VACUUM CLEANER is depending on materials team- 
work to maintain its position as one of the country’s leading 
household appliances. This new and improved home cleaner 
makes strategic use of both thermoplastic and thermosetting 
plastics as well as light metals and other materials. Thus the 
specific advantage of each material is utilized to the utmost. 

Celanese plastics: LUMARITH CA and LUMAR TH Ec supply 
dent-proof toughness and surface permanence to the injection 
molded suction nozzles, hose connections, switch key, name 
plates, handle ond cord clip. | 





Because of plastics, the Eureka makes its postwar debut in 
“technicolor” ... The present model is a deep maroon—a color 
that adds quality and distinction to the workmanlike design. | 








Celanese is headquarters for cellulosics — the most widely 
used plastics for consumer goods. The technical service staff 
can be depended upon for accurate and practical advice on 
product planning of this type. Celanese Plastics Corporation, 
a division of Celanese Corporation of America, 180 Madison 
Avenue, New York 16, New York. 
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Celanese ~Gozzée. 


FORTICEL? Seoe, LUMARITH * Geller 


Acetate 
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Materials for Motor Valves 


Condensed from “Stahl und Eisen” 


One of the most stressed parts, both 
mechanically and thermally, of a combus- 
tion motor is the outlet valve, especially in 
modern airplanes. The inlet valve operates 
under much cooler temperature. The mate- 
rial used for valves must possess, before 
all, good machinability, fluidity in casting, 
and also good weldability. 

The heat-resisting materials for the out- 
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let valve are now mostly cooled by making 
the valve shaft hollow, and sometimes also 
the valve disc, for enclosing sodium as 
cooling agent. The manufacture of such 
hollow valves is a fairly difficult operation. 

The temperatures that outlet valves have 
to withstand have been measured in an 
air-cooled motor with 3000 to 6000 r.p.m. 
to be between 740 and 810 C (1360 and 





1490 F), and in a water-cooled motor fo, 
2000 r.p.m., 720 to 750 C (1330 to 1389 
F). Sodium-cooling is most effective, with 
40 to 50% of the hollow space filled with 
sodium in large, and 60% in small valyes 

The motion of the moving hot valye 
throws the molten sodium to and fro and 
so conducts the interior heat to the valye 
shaft. Sodium proved superior to all other 
substances because of its low melting point, 
moderate vapor pressure at high temper. 
atures, high heat conductivity, and low 
density. This made possible a reduction 
of the maximum temperature of the outlet 
valves up to 150 C. 

Head and shaft of the valve are made 
of different materials, each best suited for 
the part. An austenitic steel is used first 
as carrier of the heat resistance on the 
shaft and on this is then welded a layer 
of hardenable steel or a hard alloy. Hard- 
nesses of 500 to more than 600 Vickers 
are attained. 

The gliding part of the valve stem is 
improved by cold-deformation or nitriding. 
The valve disc is improved on the seat by 
welding on a layer of a hard alloy of 1.2 
to 1.5 carbon, 25 to 27 chromium, 60 
to 65 cobalt, and 3 to 6% tungsten. The 
hardness attained is about 450 Vickers. 

Lately, a somewhat softer alloy (Bright- 
ray) of 0.5 carbon, 1 manganese, 0.3 sil- 
icon, 20 chromium, 74% nickel, remainder 
Fe, with a hardness of 250 to 300 Vickers 
units, has been recommended. The bottom 
of the disc is protected either by a layer 
of Brightray or by a chromium-cobalt- 
tungsten hard alloy with a hardness at the 
seat of 485 and at the bottom of 420 
Vickers units. 

A simple chromium layer also offers 
protection against scaling. The chromium- 
rich layers are necessary for protection as 
the anti-knock, lead-containing motor fuels 
favor scaling. 

Of hardenable steels with conversion tem- 
peratures above the operating temperatures 
of the valves, the following had practical 
importance: Nickel-chromium steels (0.12 
to 0.35 carbon, 0.3 to 1.5 chromium, 3.5 
to 5% nickel), high-speed steels, silicon- 
chromium steels (0.4 carbon, 4 silicon, 
3% chromium), rust-proof chromium steels 
(0.4 to 1.5 carbon, 9 to 16% chromium) 
with or without additions of silicon, cobalt, 
tungsten, molybdenum or vanadium, singly 
or almost all together. Their disadvantage is 
reduction of mechanical strength at higher 
temperatures. Austenitic steels are superior 
in this respect. Those used are 0.2 to 1.2 
carbon, 0.2 to 3.5 silicon, 0.4 to 1.5 man 
ganese, 11 to 25 chromium, 7 to 62 nickel 
and 0 to 5% tungsten, with occasional ad- 
ditions of molybdenum, cobalt and also 
vanadium. 
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I, designing die castings which are to be 
plated, all significant areas should be 
made accessible for buffing. A brilliant 
luster cannot be obtained in those areas 
which the buffing wheel cannot reach. 
This — and the following salient facts — 
should be considered when castings are 
to be plated: 

1. Deep or narrow recesses are difficult to 
plate and they tend to entrap the buffing 
compound. 

2. Generous radii in re-entrant angles pre- 
vent the necessity for applying excessive 
thickness of plate to meet minimum coat- 
ing requirements at the radii. 

3. Sharp outside edges, corners and points 
should be avoided because deposits on 
such areas tend to be rough and brittle. 

4. Convex surfaces are easier to plate than 
flat surfaces or deep concave areas. 


5S. Where beads are used for decorative ef- 
fects, buffing is facilitated if the beads 





are parallel to the length of the casting 
and in the plane of the buffing wheel. 


The zinc alloy die casting shown here 
(a control panel for an electric range) is 
a good example of designing for ease of 
finishing. The decorative beads run paral- 
lel to the length of the casting and the 
spaces between the beads are finished in 
black enamel to contrast with the overall 
plating of the part. The lettering below 
the control knob openings is recessed and 
also finished in the contrasting black 
enamel. All recesses are shallow and all 
significant areas can be reached by the 
buffing wheel. 


Additional data on designing for ease 
of finishing will be found in our booklet 
“Designing For Die Casting”. To insure 
that you will get the most from your die 
casting dollar, ask us—or your die casting 
source—for a copy of this booklet. 




















THE NEW JERSEY ZINC COMPANY 
160 Front St., New York 7, N. Y. 


FOR DIE CASTING ALLOYS 
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The Research was done, the Alloys were developed, and most Die Cestings ere based on 
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Because of its unusual qualities cast-to- 
shape dies of Strenes metal outserve 
dies of more conventional metals many 
times over. 


That is a “large” statement but the 
evidence may be obtained direct. from 
builders of 


Refrigerators, Stoves, Motor 
Cars, Trucks, Tractors, Grave 
Vaults and others with drawing 
and forming operations to 
handle. 


Have us identify a few _users—you can 
contact them for the “low-down” on 
Strenes metal as a tooling program 
expediter. 


The 


ADVANCE FOUNDRY COMPANY 


100 PARNELL STREET 
DAYTON 3, OHIO 





DRAWING AND FORMING DIES 














As materials for the seat rings, austen- 
itic cast iron (3.0 to 3.4 carbon, 2.0 to 
3.0 silicon, 10 to 12 manganese, 5 to 
6% nickel), quenched from 1090 C (1830 
F) and tempered at 500 C (930 F), with 
a Brinell hardness of 220 to 280 is used, 
as are aluminum-nickel-iron bronze and 
manganese-chromium steels. 

The material for valve guides can be 
pearlitic cast iron, e.g. 3.4 carbon, 2.6 
graphite, 1.6 silicon, 0.7 manganese, 0.5% 
phosphorus, Brinell hardness 300, which 
proved to be satisfactory even for outlet 
valves. However, the predominant material 
for both inlet and outlet valves is phos- 
phor bronze, which beside high tin con- 
tent can also have additions of nickel and 
lead (84 to 89 copper, 12 to 9 tin, 3.5 
to 0 nickel, 2.5 to 0 lead and 0.4 to 0.7% 
phosphorus; Brinell hardness 110 to 125. 


—H. Cornelius. Stahl u. Eisen, Vol. 64, July 6 
1944, pp. 433-438; July 13, 1944, pp. 453-458. 


Rubber Machine Parts 


Condensed from “Machine Design” 


Five basic types of synthetic rubber are 
used for machine parts. 

Buna §S is similar in processing and per- 
formance to natural rubber. It can be vul- 
canized with sulfur and cured to hard rub- 
ber. Its resistance to deterioration in air at 
room and elevated temperatures is consid- 
erably better than that of natural rubber. 
It is widely used for electrical cable insula- 
tion as a result of its excellent electrical 
properties. Buna S is also suitable for 
water pump seals and gaskets, but not for 
oil equipment. 

Buna N resembles Buna S in regard to 
vulcanizing and curing properties. It has 
outstanding resistance to oil and good break- 
away properties in contact with metals. 
Buna N is satisfactory for oil and gasoline 
hose, packings, gaskets, rubber covered 
rolls, valve inserts, molded dust seals, dia- 
phragms for hydraulic gear shifts, hydrau- 
lic lines, and vibration dampeners. 

Neoprene is a general purpose synthetic 
rubber with good resistance to chemicals 
and oils and excellent resistance to heat, 
air and light. Although its electrical prop- 
erties are lower than those of natural 
rubber, it is used for the outer sheathing 
of electrical insulation due to its flame 
resistance. Typical applications of Neo- 
prene include oil resistant hose, belting, 
gaskets, fuel cells, solid truck tires, airplane 
tires, printing rollers, and airplane hull and 
wing caulking. 

The processing of Butyl is similar to 
that of natural rubber, but a longer curing 
time is required and it cannot be vulcan- 
ized to hard rubber. The physical proper- 
ties are lower than those of natural rubber, 
but the general resistance to deterioration 
is good. Its resistance to oxidation and acid 
are very good. Butyl is used in acid han- 
dling equipment, inner tubes, and other 
applications where its impermeability to 
gases and resistance to chemicals and oxi- 
dation are important. 
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“ ALUMINUM ALLOY CASTINGS 
































HERE’S nothing better than aluminum for washing machines. Aluminum is light 


—easy to handle, easy to move, resists corrosion. Aluminum helps give washing 
machines better operation, longer life, lighter weight. 


Then how about your product? Couldn’t it, too, make use of these advantages? And, 


besides, aluminum machines easily—and is readily cast into intricate shapes. War- 





time progress has made aluminum alloys even stronger than before. 


Why not ask Acme about the advantages of “aluminizing” your product? Acme 
engineers have spent many years of work and study on aluminum and its alloys. 
And they are always glad to lend a hand in any problem of design. 


Acme Aluminum Permanent Mold (and Sand) Castings are produced in one of ' 


the largest, newest and best-equipped foundries in the United States. Consult Acme 
on your castings problems, without obligation. 


ACHE ALUMINUM ALLOYS, ING. 


DAYTON 3, OHIO 


New York: F. G. Diffin Co., 111 Broadway 
Chicago: Metal Parts & Equipment Co., 2400 W. Madison Street, St. Lovis: Metal Ports & Equipment Co., 3615 Olive St. 
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YOU NAME IT 


- well make it 





What kind of a casting do you need? What 
corrosive condition must it meet? What temperature? 
Any abrasion? How much tensile strength must 
it have? 


If you need a chrome-iron, chrome-nickel or 
nickel-chrome casting, keep these facts in mind: 


1 . . . Duraloy is a pioneering company in the field 
of static high alloy castings, specializing in 
these since 1922. 


y Duraloy also pioneered in the field of centrif- 
ugal castings, starting this phase of its business 
in 1931. 


es Duraloy has one of the most modern and best 
equipped high alloy foundries in the country. 


4... Duraloy is staffed to start in with the problem 
and take care of all necessary steps to produce 
the casting, finished as you require. 


Make Duraloy your source of supply for high alloy castings. 


THE UDURALU I COMPANY 


Office and Plant: Scottdale, Pa. e Eastern Office: 12 East 41st Street, New York 17, N. Y 
Los Angeles & San Francisco Chicago & Detroit 

KILSBY & HARMON F B. CORNELL & ASSOCIATES 
: CORP 4 bait 


METAL wa/ : 





3-DU-1 





Thiokol has excellent resistance ¢ oils 
greases, solvents, ozone, sunlight, and natu. 
ral aging. Its resistance to aromati: hydro. 
carbons and aromatic blended gaso| 


INES is 
better than that of natural rubber 5, ony 
of the other synthetics. It is used where 
resistance to deterioration is more impor 


tant than physical properties. Typical _ 
plications include paint spray and solven, 
hoses, selector valve rings, diaphragms 
cable covers and tank linings. 


—Machine Design, \ 9). 17 
Dec. 1945, pp. 116-119 


Super Opaque Titanium Enamels 
Condensed from “Finish” 


To the enameler, who is constantly seek. 
ing means of improving the reflectance of 
cover coat enamels, titanium oxide (ap. 
atase) with its high index of refraction 
has long been of interest as an opacifier, 
and investigators have reported on various 
types of enamels in which titanium oxide 
was a major constituent. 

Dr. B. Niklewski in a recent commu. 
nication recommended a titanium oxide 
bearing enamel, which was found to have 
high reflectance, good texture and gloss. 
and fair color. The purpose of this in- 
vestigation was to study this enamel rt 
determine its suitability. 

The enamel submitted was found to hav 
80% reflectance at 25 grams per sq. ft 
It was discovered that the incorporation of 
boric oxide was harmful to both color and 
gloss. Potassium oxide and alumina tended 
to produce matte surfaces. Cryolite was 
found to be a better flux than fluorspar 
or sodium silicofluoride. The fluorine con- 
tent must be low for good gloss. 

Calcium compound and whiting in par- 
ticular improved the color of the enamel 
and a high zinc oxide content was neces- 
sary for color purity and high opacity 

Thorough mixing of the frit batch was 
necessary to prevent the titanium oxide 
from balling up and forming seeds in the 
glass. Oversmelting resulted in reduced 
opacity and poor color. Undersmelting was 
harmful to gloss and texture. It was neces- 
sary tO maintain an oxidizing atmosphere 
during smelting operation. 

The surface of this enamel was not re- 
sistant to attack by 10% citric acid, but 
its solubility resistance as determined by 
E.U.M.C. test was very good. 


The following chart gives the compati- 


son between Dr. Niklewski’s. composition 
and the one developed by ‘the authors: 











Frit Compositions 

Feldspar 4.2 4.5 
Quartz 25.1 25.3 
Soda Ash 23.2 24.2 
Sodium Nitrate 2.3 2.4 
Whiting — 3.4 
Zinc Oxide 21.6 19.5 
Cryolite 2.5 2 
Sodium Antimonate 8 g 
Titanium Oxide 16.9 17 
Magnesium Carbonate 3.4 . 

C. M. Andrews & A. 1. Andrews, Fir 


Vol. 3, Jan. 1946, pp. 17-21, 
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LIOBOND is one of American in- 

dustry’s great wartime achieve- 
ments, now solving scores of pro- 
duction problems. 

An all-purpose plastic adhesive 
that simply and easily bonds ma- 
terials together which have never 
before been bonded successfully. 

Pliobond joins any materials. . 
like or unlike . . . metals, plastics, 


fabrics, glass, rubber, wood. 
ceramics, paper, leather, plaster. 
concrete, etc. For most applica- 
tions, no high pressure or heat is 
needed. In others, where extremely 


high shear strength is desired, 


moderate pressure and 200-300°F. 
will produce a perfect bond. 

When you use Pliobond, there’s 
no elaborate procedure involved. 
It’s a one-part bonding agent... 
always ready to go to work. No 
fussy mixtures. No careful weigh- 
ing. No critical temperatures. It 
can be brushed, sprayed, spread or 
roller coated. 

Manufacturing facilities for 
Pliobond are rapidly being in- 
creased to meet all demands. For 
sample and technical information, 
please use coupon, writing us in 
detail on any special problems. 





IT’S STRONG! 
IT’S PERMANENT! 


WITHSTANDS CONSTANT 
FLEXING! 








APPLIES EASILY (0ne-part adhesive) 


SETS QUICKLY! 
IMMUNE TO FUNGI! 


RESISTS WATER, OILS 
AND WAX! 


WORKS HOT OR COLD! 








Z, 


UNITED STATES PLYWOOD CORPORATION 


Exclusive Distributors 


industrial Adhesives Division: 55 West 44th Street, New York 18, N. Y. 


Branches in Principal Cities 


Pliobond* is a product of THE GOODYEAR TIRE & RUBBER COMPANY 


demark registered, The Goodyear Tire & Rubber Company 
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Here is the NEW, quick-setting 
plastic adhesive that — 


METAL TO METAL 


RUBBER TO PLASTIC 


FABRIC TO GLASS 


a 


WOOD TO LEATHER 











Name 


' 
' 
' I irm 
' 
' 
' 


' 
‘ 
' UNITED STATES PLYWOOD CORPORATION, 

‘ 

. 55 West 44th Street, New York 18, N. Y. 
' 

' 

' 


Please send me descriptive literature 


on PLIOBOND. 


Title 









































Feeding Metal to Molds 


Condensed from 
“The Foundry Trade Journal” 


Volume changes that occur in liquid 
steel before and during solidification are 
rather pronounced. Obviously a casting 
temperature higher than that at which 
freezing commences must be used, and this 
increases the amount of liquid shrinkage. 
In practice it has been found that a figure 
of 6% is sufficiently reliable to be used for 
total liquid shrinkage. 
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Liquid metal must be supplied to the 
solidifying casting to compensate for liquid 
shrinkage. This metal is supplied by the 
feeder heads into the casting. Existing 
methods are three types of combinations of 
these three types of forces, é.¢., gravity, 
atmospheric pressure, and centrifugal pres- 
sure developed in rotating mold. It would 
appear essential to introduce into the feeder 





head a sufficient amount of heat so thy 
the head can retain its fluidity much longer 
than is the usual practice. 

The authors’ new method consists oj 
casting metal in molds having one or mor 
feeder heads in which there is introduce; 
into the feeder head a charge of a certain 
material producing gas. Additionally ther 
can be introduced an exothermic composi. 
tion such as a mixture of iron oxide and 
aluminum. The gas and heat evolution 
compound is called “Kayell” compound by 
the authors. 

The gas compound hangs 1 in. from the 
top of the head by a small wire attached 
to a core print. When the head is com. 
pletely filled with liquid steel, the gas 
compound is surrounded on all sides by 
liquid metal. The head is almost imme. 
diately enclosed by thin skin formed by 
the sudden chilling action of mold. 

Shortly, the exothermic reaction begins. 
and gas and heat are evolved. The heat js 
absorbed by the metal in the immediate 
vicinity, and the gas evolved is trapped in 
the thin shell of metal enclosing the head. 

In steel foundries using normal types of 
gravity feeding heads (with open tops or 
as blind heads) the normal yield is in the 
order of 50%. If any higher average yield 
than this is obtained, it is generally at the 
expense of soundness in the castings. 

The “swirlgate head” (developed by 
Hopkinsons, Ltd. and the English Steel 
Corp., Ltd.) and the “atmospheric head,” 
developed by Williams, are recent improve- 
ments. Centrifugal casting with vertical 
axis machines utilizing centrifugal force to 
secure high liquid pressure to compensate 
for shrinkage has the same object. How- 
ever, none of the methods previously de- 
veloped results in a yield approaching the 
theoretical possible (i.e. about 90%). With 
gas-pressure heads, yields of 80 to 95% 
can be regularly obtained with full com- 
pensation for liquid shrinkage. 


—S. T. Jazwinski & S. L. Finch. Foundry 
Trade J., Vol. 77, Nov. 29, 1945, 
pp. 269-274; Dec. 6, 1945, pp. 293-303. 


Malleable Sand Control 


Condensed from “American Foundryman” 


The sand handling equipment and sand 
control methods used in a large mechanized 
foundry show interesting details. The cast- 
ings made are automotive and gun parts 
ranging from a few ounces to 65 lb. in 
weight. Synthetically bonded molding sancs 
are used in continuous molding systems 

Raw materials are stored in a separate 
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IMPROVING 
the Machinability of Heat-Treated 


arts by WHEELABRATING 


By J. R. McAllister, Plant Metallurgist 
Syracuse Heat Treating Co., Syracuse, N. Y. 


Today, more and more companies in 
the various metal, working industries 
are specifying heat treatments giving 
specific micro-structures and hardness 
requirements, but too few are giving 
the proper thought to surface condi- 
tion both before machining and be- 
fore final finishing operations, such as 
grinding, plating, coloring or polish- 
ing. There can be considerable sav- 
ing of both precious time and money 
if the proper method of surface prepa- 
ration is employed for the various 
finished conditions. 


Forging Scale Usually of a 
Compound Nature 


Let us take, for instance, rough 
forgings that have been properly nor- 
malized and annealed for their par- 
ticular machinability problem. Natu- 
rally, as the slug of steel is heated in 
ovens at the forging plant prior to 
forming under the hammer, it oxidizes 
due to the relatively high tempera- 
tures needed to condition the steel for 
hammering. Plus having this scale 
formed by the oxidation of the metal, 
it can be noted under the microscope 
that a large percentage of the surface 
has been burned away by the oxygen 
in the surrounding air. The so-called 
forging scale formed under these con- 
ditions is usually of a compound 
nature having a layer of rather tight 
scale covered by loose or “feather” 
scale. The “tight” inner scale is formed 
in the heating furnaces under the 
ammer and the loose “feather” is 

med on cooling after the piece has 

forged into shape. After the 
ging is cold, it is sent to the heat 
ater, who then takes his turn at 
ling and subtracting to the scale 


— 
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condition of the 
piece. Some of the 
loose forging scale 
will drop off while 


At the Syracuse Heat Treating Company, Syracuse, New York, 
one of the leading Eastern heat treating concerns, three Wheela- 
brator Tumblasts, a 15” x 20”, a 20” x 27” and a 27” x 36”, are 
employed to handle the complete cleaning of heat treated parts. 
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With these machines they are equipped to process metal pieces 


handling from one 
department to an- 
other and more will become free in the 
heat treating furnace, but chances are 
that the furnace heat will replace a 
good share of this loose scale because 
atmospheres are not generally watched 
too closely on this rough grade of 
work. 


The Problem of Machining 


Now that the forging and heat 
treating operations are complete and 
we have a supply of scale which is 
very hard and brittle, and decarburi- 
zation which is very soft and weak, 
our problem is to get a tool to make 
an even and uniform cut along the 
surface. This is not a simple problem 
with the material in this condition. 
The tool will often times get under 
way in a normal maner in the soft 
matrix of decarburization and sudden- 
ly hit a hard spot of scale. The 
easiest thing for the tool to do under 
these conditions is to break and some- 
times cause a many-thousand-dollar 
shutdown. 


There are two major methods of 
eliminating this condition before ma- 
chining operations are started. One is 
pickling and the other is some method 
of blasting the work with sand, steel 
grit, or steel shot. The pickling method 
is being used less and less by commer- 
cial heat treaters and forgers because 
of the danger of pitting the work too 
deeply so it cannot be cleaned up and 
also because of the general messiness 
of the operation. 


weighing from a few ounces to over 75 pounds apiece. 


Removing Scale Down to 
Virgin Metal 


With the use of Wheelabrator Air- 
less speed cleaning machines the re- 
moval of heat treat scale is a simple 
matter because the hard hitting steel 
abrasive quickly removes the baked- 
on-seale right down to the virgin 
metal. Every nook and cranny of the 
part is completely scoured until every 
last vestige of scale is removed. 


The Wheelabrator method of clean- 
ing is also very effective for removing 
heat treating scale from machined 
parts or castings before grinding, plat- 
When 
cleaning before grinding, the use of a 
medium sized grit or shot will leave 
the surface bright and smooth, thus 
keeping the grinding wheels from load- 
ing up with scale and dirt. It is also 
found that a much larger percentage 
of work can be ground between wheel 
trimming operations if a clean scale- 
free surface is used. 


ing, coloring and «polishing. 


The use of grit blasting for surface 
preparation of metal to be painted or 
plated is advisable because the smooth 
surface is broken up by the force and 
sharp points of the grit. 
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—equipment revolutionary in Decien an 
with limitless potentialities. 


Continental offers complete plants for dis- — 
tillation and purification of metals at ex- 
tremely high temperatures—sintering— 
high temperature treatment. 
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CONSULT 
WITH 
CONTINENTAL 


For details of the 3500° F. fur- 
nace turn to the article, “High 
Temperature Furnace for Re- 
fining Metals,” 


Among our specialties are: 


gas carburizers, annealers, 
inert gas units, hardening 
furnaces, brazing furnaces, 
automatic heat treatment, 
complete plants, special ma- 
chines, and plant manage- 
ment. 





CONTINENTAL 
INDUSTRIAL 
ENGINEERS, INC. 


176 W. ADAMS ST., CHICAGO 3, ILLINOIS 
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building where they can be handled by an 
overhead crane and a clamshell bucke 
This building also houses equipment {o, 
core sand mixing and seacoal crushing 

Local bank sands are used and are dri, 
from moisture contents as high as 9% 
0.2%. This permits very close control of 
the water contents of the core mixtures 
Core sand is prepared in mixers of knead. 
ing type. All dry ingredients are weighed 
and wet ingredients measured by volume 
They are mixed 1 min. dry and 8 min. we, 

The molding sand preparation and hap. 
dling is done in four continuous systems 
each serving from 10 to 34 molding sq. 
tions. Some of the systems supply both 
facing and backing sands. Continuous type 
mixers are used in a conventional arrange. 
ment. Clay additions are made at the 
mixer as a slurry. 

Two tempering bins permit the sand tp 
temper for at least 30 min., and then it js 
put through a squirrel cage aerator before 
going to the molders’ stations. Molding js 
performed on jolt-squeeze machines. A 
conveyor takes the molds to the pouring 
station, then through_a cooling hood to the 
vibrating shakeout screen. 

The shakeout sand is put through , 
cooler and magnetic separator before it js 
returned for re-use. The cooling unit js 
believed to be very important in maintain. 
ing close control. 

Since the core mixtures used replenish 
most of the sand losses in the system, the 
mixtures must be made not only to produce 
good cores and castings, but also to provide 
the proper grain when the burned-out core 
becomes a part of the molding sand. 


J. J. Clark. Am. Foundryman, Vol. 8 


Nov. 1945, pp. 49-56 


Investigation of Cupola Charge Material 


Condensed from 


“The Foundry Trade Journal” 


It was felt that if the combustion and 
metallurgical reactions in a fully charged 
cupola could suddenly be stopped and 
samples from different parts of the charges 
could simultaneously be removed, the com- 
position and condition of these samples 
would provide at least some of the informa- 
tion needed to study cupola behavior. To 
stop the normal cupola reactions and to cool 
the burden before removing the samples, 
it was decided to quench by simultaneously 
shutting off the blast and pouring in water 
on top of the burden through the charging 
door. The charge can pe rendered inert 
by water cooling in less than 40 min. 

Some of the authors’ observations are 
summarized as follows: (1) However care- 
fully the charge materials are placed in 4 
cupola in relation to one another, their 
original relative position is not maintained 
during the descent of the charge; (2) shape 
and size of the metallic pieces in the charge 
are dominant factors in governing theif 
manner of descent; (3) rate of complet 
melting of the different metallic constit- 
uents is mainly governed by their shape 
and weight as well as their relative melting 
temperature. 


MATERIALS & METHODS 
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Alleast is a high quality, general purpose Allcast is attractively priced and there- 
aluminum casting alloy whose properties fore affords a substantial savings to 

successfully meet a large number of foundries and manufacturers who will 
. casting requirements. not sacrifice quality, but who never- 


3. theless must remain competitive. 


The mechanical properties and foundry 


characteristics of Allcast are as good or Write and we shall be glad to send a 
better than those of the standard high copy of the new Allcast bulletin or have 

strength aluminum casting alloys used one of our field representatives call 
2. in aircraft construction during the war. by appointment. 
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Detrott «Kallman ‘ 


THE UNBEATABLE 
ELECTRIC FURNACE and <* 
TRANSFORMER TEAM : 


Rocking Electric Furnace. 


Detroit Rocking Electric Furnaces melt 
ferrous or non-ferrous metals fast and 
to desired analyses under ideal working 
conditions. Kuhlman Furnace Transform- 
ers are specially designed for electric 
furnace power requirements. Combine 
the two in your foundry and you have 
the ideal set-up for pouring heat after 
heat of consistently higher quality metal. 
The Type AA, 400 KW, 1000 Ib. coni- 
cal shell Detroit Electric Furnace and the 
Kuhiman 531 Kva Furnace Transformer, 
illustrated, form a typical installation. 
In melting grey iron, this modern fur- 
nace will produce 5 tons of metal per 
9 hour day; it duplexes a ton of molten 
iron every 30 minutes. The Kuhiman 
Transformer, engineered for the primary 
voltage and frequency of the power 
supply available at the installation, is 
designed with external voltage and re- 
actance tap-changers which permit easy 


adjustment for best arc characteristics. Our engineers 
will be glad to study your melting requirements, with- 
out obligation, to determine the money making possi- 
bilities of the correct Detroit Electric Furnace in your 


foundry. 


DETROIT cvec 


KUHLMAN ELECTRIC C 
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Type AA, 1000 Ib. Detroit 


Furnace Transformer. 


TRIC FURNACE DIVISION 
PANY e BAY TY, M HIGAN 





(4) Metallic constituents that require : 
longer time to melt may not be melte; 
completely until they have descended jn, 
the coke bed to considerable depth. (5) 
coke is progressively reduced in size fron, 
top to bottom of the shaft, both bed an) 
charge coke; (6) weight of coke contained 
in different heights of the cupola wa 
found to be increased as the charge move, 
downwards. 

(7) Reduction in coke size in the be 
proper is not uniform across a horizont,| 
plane, the coke found in the center being 
reduced most; (8) extent of the slag ledge 
ot bridge formed above the tuyere level jx 
a main factor altering the line of flow oj 
materials through the cupola as the day’; 
heat proceeds. 

(9) Carbon content of steel test-bars jp. 
creases very slightly in their downward 
travel when solid, but on commencement 
of melting the carbon absorption become; 
much more rapid; (10) carbon absorption 
by the melting steel takes place chiefly on 
the surface, the center of the steel pieces 
remaining practically unaltered; the highes 
carbon content found in a solidified metal 
drop was 1.2%; (11) some of the carbon 
picked up by the steel remains graphitic 
in nature. 

(12) Steel contained in the charge picks 
up sulfur rapidly on its surface shortly after 
its introduction into the cupola, but on 
descending, some of the sulfur seems to be 
given off again. 


—N. E. Rambush & G. B. Taylor. Foundry 
Trade J., Vol. 77, Nov. 8, 1945, pp. 197. 
204; Nov. 15, 1945, pp. 229.235 


-- “J. 


Measurement and Recording 


of Rolling Pressures 


Condensed from “Stahl und Eisen” 


An instrument (called Eltas caliper) has 
been produced for rolling mills that meas- 
ures the rolling pressure in the stand by 
the extension of the roll housing. The 
measuring device consists of a measuring 
rod about 400 mm. length and arranged in 
the neutral axis of the stand.. As the stresses 
in a roll stand never exceed the proportional 
limit, the elongation of the measuring rod 
is always proportional to the rolling pres- 
sure. The elongation should be at least 20 
microns. 

The measuring rod acts on a movable 
piece of iron between two coils through 
which alternating current passes. In the 
zero position (no load) both inductances 
are alike and no current, flows through 4 
galvanometer in a bridge arrangement o! 
the coils. Under pressure the iron anchor 
is slightly moved and changes the induc- 
tances so that a current flows through the 
galvanometer, which also is proportional to 
the rolling pressure. 

The instrument can be used also for con- 
tinuous supervision of rolling pressure, 
counting of number of passes, supervision 0! 
the uniformity of the material in hot and 
cold rolling, and can be connected to alarm 
signals in case of any abnormal condition 
in the material or rolling process. 


N. DeBall. Stahl u. Eisen, Vol. 64, 
Nov. 9, 1944, pp. 716 


MATERIALS & METHODS 
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| Fabricating High-Strength Steel 


| Condensed from “Steel Processing” 


U.S.S. Cor-Ten, which was introduced as 
a high strength low alloy steel in 1934, has 
a yield point of 50,000 p.s.i. and possesses 
exceptional workability and ductility. Ex- 
| perienced steel fabricators will have no dif- 
ficulty in establishing procedures that will 
suit their equipment and the particular job 
at hand, in spite of the differences in fabri- 
cation behavior between U.S.S. Cor-Ten 
and structural carbon steel. 
U.S.S. Cor-Ten can be hot formed with 
a minimum possibility of air-hardening and 
with negligible quench effects from cold 
die surfaces. Most satisfactory results are 
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obtained by hot pressing at temperatures 
between 1500 F and 1600 F at the dies. 
Although a greater unit force is required 
to produce a permanent set in U.S.S. Cor- 
Ten than in structural carbon steel, the 
total forming pressure is often no greater 
because the high strength steel is generally 
used in thinner sections. The technique of 
cold forming consists in making provision 
for more liberal bend radius, increased die 
clearance and more spring-back of the bend. 
Shearing may require tighter or more 
secure clamping because the metal tends to 
pull more than carbon steels. Punching 


























requires up to 20% greater forces fy 
material of equal thickness. Fabricating 
suggestions for coping are similar to thoy 
considered good practice for structural cy. 
bon steel. 

About 25% more power is required fo, 
sawing, milling and drilling Operations 
and speeds should be cut about one-thir| 
Gas cutting may be freely performed with 
somewhat less affect on the metal. 

U.S.S. Cor-Ten may be galvanized sais. 
factorily, but special cleaning precaution; 
are recommended for hot-rolled steel. Sy). 
furic pickling, followed by water fring, 
and a hydrochloric dip, should precede the 
hot dip galvanizing. 

Wartime operations under the most diff. 
cult conditions proved the soundness of 
lightweight design and construction. Load 
far above rated capacities were handled 
with a minirnum nt of repairs. Equip. 
ment was subjected to long hauls, inexperi- 
enced handling and a general lack of care. 
ful maintenance. Despite this abuse, high 
strength steel construction has proved its 
worth repeatedly in every field where it has 
been employed to reduce weight and mini- 
mize corrosion. 


—C. E. Loos. Steel Processing, Vol. 3), 
Dec. 1945, pp. 755-759 






Drawing Thin Brass Shells 
Condensed from “Machinery” 


When the production of 20-mm. steel 
cartridge cases was discontinued, millions 
of coined cups were salvaged by drawing 
into stabilizer and flare tubes. The original 
head thickness of 0.310 to 0.330 in. was 
reduced to 0.070 to 0.085 in. by heading 
the closed end in a die to form a flange 
which was later trimmed off. 

Only four drawing operations were fe- 
quired to transform’ the 1 1/16-in. high 
cups into 53-in. high shells. There was 
40 to 50% reduction in each draw. Tung: 
sten carbide drawing rings were used. 

The flare tubes were annealed at 1250 
F after cupping and after the second and 
third draws; the stabilizer tubes were an- 
nealed only after cupping and the second 
draw. The drawn shells of SAE 1025 had 
higher mechanical properties than did catt- 
ridge cases made from the same material. 
Typical values were 100,000 p.s.i. tensile 
strength, 95,000 p.s.i. yield point and 
9.5% elongation. 

With thicknesses as little as 0.036 in., 
it was impossible to strip the drawn shells 
from the punches with mechanical strip- 
pers. The hydraulic stripping means ¢f- 
sured the removal without damage while 
the press was operating at 32 strokes 
per min. 

Oil was delivered under pressure through 
the center of the punch to the bottom of 
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THE DIFFERENCE 
1S HERE 























A VITAL improvement makes a whale of a difference. Examine the retort 
illustrated above; notice the sand seal integral with the top ring; simplified 
one piece construction. Elimination of many welds; one weld operation. 
Slightly thicker wall; contributes to greater service life and tends to hold 


warpage to a minimum, resulting in a lower heat hour cost. 


THERMALLOY or AMSCO ALLOY—They are identical. 


ELECTRO-ALLOYS DIVISION [za 
ELYRIA, OHIO. | Brake Shoe 
X-RAY CONTROLLED 


HEAT AND CORROSION RESISTANT CASTINGS 
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The Most Efficient and Economical System for Induction Heating 





MR. X .. . . I have no doubt, Mr. Engi- 
neer, that THERMONIC Induction Heat- 
ing equipment will give me excellent 
results in my heat-treating problem. But 
can I install it in my production line and 
expect the same degree of performance as 
with other machine tools? My milling 
machines and lathes are easy enough to 
maintain; but does this equipment of yours 
present any special maintenance problems? 


ENGINEER ....On the contrary, Mr. X. 
—yYour shop electrician can maintain this 
equipment with ease. THERMONIC Gen- 
erators are powered by two types of elec- 
tronic tubes: oscillator tubes and rectifier 
tubes. As a safety measure, the equipment 
is rum considerably under the power rat- 
ing of these tubes. The oscillators are 
exactly the same tubes used in radio-broad- 
casting transmitters; and our experience 
shows them to have an average service life 
industrially of approximately 4,000 to 
6,000 hours. Pre-war tubes were even bet- 
ter than these, and greater superior per- 
formance can now be expected. I don’t 
think you’ve ever heard of a radio station 
going off the air from tube failure. Cer- 
tainly such a performance should be an 
assurance to you. 


MR. X .... But how about the rectifier 


tubes? Do they last as long as the oscillators? 


ENGINEER ....Even longer! Rectifiers 
are even more rugged than oscillators and 
have an average service life of around 
6,000 to 8,000 hours. And it’s only a 
matter of minutes to replace either of 
these tubes. It may interest you to know 
that the price of both oscillators and rec- 
tifiers has been greatly reduced in the 
past year or so; and we believe the In- 
duction Heating Corporation is largely 
responsible for this due to the thousands 
of such tubes we use. On the basis of 
the average service-life estimate we have 
made, the cost of tube replacement is 
only 5 to 744 cents per hour of operation, 
depending on operating conditions. 


The Induction Heating Corporation 
Engineer talks to Mr. X on MAINTENANCE 





MR. X.... Are these tubes the only parts 
in THERMONIC units which must be 
replaced? 


ENGINEER .... Absolutely, Mr. X. Ina 
recent survey of more than five-hundred 
THERMONIC units in service over two 
years, the record of service calls shows only 
one every 25 months, including calls of all 
types. We feel very proud of this record 
and are willing to match it against that of 
any other type of machine tool. 


MR. X.... That's sure a good perform- 
ance record. How do you account for it? 


ENGINEER .... That's because of the 
extensive tests which we make on all units 
before they are accepted for shipment. Our 
test department operates every unit at full 
load continuously for such a period of time 
that the temperature curves at various 
points throughout the unit become con- 
stant. If any “hot spots” occur, the units 
are rejected and returned immediately to 
the production department for further in- 
vestigation. And what’s more, high poten- 
tial tests specified by the American Stan- 
dards Association are conducted on all 
components of THERMONIC Generators. 
We realize that such tests are expensive; 
but they are well worth while in the ser- 
vice rendered to our customers. Inciden- 
tally, there are no moving parts in THER- 
MONIC Generators except for a small 
blower which cools the rectifier tubes. 
This point alone eliminates many of the 
maintenance problems. 


MR. X .... Then you believe that this 
equipment can be installed on our produc- 
tion line and maintained by our shop 
electricians? 


ENGINEER ... . I certainly do!—and 
offer you the experience of close to a thou- 
sand installations to prove this point. Re- 
member, THERMONIC Induction Heat- 
ing equipment is a machine tool which 
can go right into your production line; 
and like other machine tools, it will stand 
up under continuous heavy service. 


—/——___. INDUCTION HEATING CORPORATION 
THERMONIC 


Matin tuna thnt Bhcttea 389 LAFAYETTE ST. 


INDUCTION 


NEW YORK 3,N. Y. 


HEATING Largest Producers of Electronic Heat Treating Equipment for Forging 


CORP 
NEW YORK 
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Melting + Hardening 


Annealing 











the shell. The pressure caused the shell 
to expand slightly away from the punch 
until the shell was free enough {o; th 
pressure to force it off. If the she! ; 


: Was 

not removed, a safety trip stopped th. Dress 
A very light grade oil was « plied 
at 25 p.s.i. from a central pumping station 
The maximum pressure depended on the 
adherence of the work piece to the punch 
but was as high as 10,000 psi. ball 
check was provided to prevent baci. pres. 
sures into the supply line which Originally 


broke several die sets. The loss of 01! was 
negligible, as it was returned to a reservoir. 
—H. F. Hild. Machinery, \.), 59 


he 


Dec. 1945, pp. 147-153" 


A.C. Arc Welding 


Condensed from 
“Southern Machinery & Metals” 


Advantages of a.c. welding are widely 
recognized, especially for work that requires 
currents of 100 amp. or more. The absence 
of troublesome arc blow, the fast easy 
welding, low power consumption and low 
maintenance have been proved by thou- 
sands of installations. Where records have 
been kept of a.c. alongside d.c. welders 
the former is found superior. 

A wide variety of heavily-coated a.c. elec- 
trodes is available for every application— 
for vertical and overhead positions, for flat 
and horizontal welding, for light gage work 
in vertical and overhead positions, for flat 
and horizontal work, for high tensile stee! 
for cast iron, and for hard surfacing. 

The operator is not troubled by magnetic 
arc blow, the molten pool is easier to con- 
trol, and a steady, uniform travel speed is 
more easily maintained. 

In d.c. welding arc blow can slow down 
speed by 15 to 20%. The blow increases 
rapidly with increase in current. Higher 
currents and larger electrodes can be used 
with a.c. 

In making fillet welds in the horizontal 
position, by increasing the current and 
changing from 3/,, to 4% in. diam. elec 
trodes, the rate of deposition can be in- 
creased by as much as 100%. For armor 
plate, operators with a.c. have used 4-in 
electrodes. 

In making 5/,,-in. horizontal fillet 
welds, one shop was producing 11 linear 
feet of welded joints per hr. with */,,-in. 
electrode and d.c. welders. After changing 
to a.c., the current was increased so that 
\4-in. electrodes produced 15 ft. per hr., 
or 36% faster. A large fabricator of struc- 
tural steel over an eight-year period finds 
that a.c. welders have increased speed by 
15%. 

In general, maintenance welding operta- 
tors have stepped up welding speeds 4s 
much as 90% by shifting to a.c. welders. 
In deep fillet welding, the a.c. technique 
provides for deeper penetration of the weld 
metal into the joints, making a stronge! 
bond. 

The smooth uniform appearance of 4. 
welds commends them and it takes | 
skill to perform the welding, with nce¥ 
hands more quickly trained. The dange! 
of porosity, slag inclusion and undercutting 
is greatly reduced. 


MATERIALS & METHODS 
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How to improve quality of plating by keeping 
the bath at the right temperature 


Bristol’s new Model 93 Air-Operated Controller puts tem- 
peratures under accurate and continuously uniform control 
with accurate readings continuously indicated. 

It is the ideal instrument for controlling temperatures of 
all types of plating, cleaning and pickling tanks, where 
chart records are not needed. 

A new bulletin, No. Al15, gives complete details. Write 
for a free copy to THE BRISTOL COMPANY, 162 Bristol 
Road, Waterbury 91, Conn. (The Bristol Co. of Canada, 
Ltd., Toronto, Ontario. Bristol’s Instrument Co., Ltd., 
London, N.W. 10, England.) 


Bristol’s Model 93 Air-Operated Indicating Controller. Other 
Bristol instruments for these applications include recording air-operated 
controllers, electrically-operated (mercury contact) indicating or re- 
cording controllers, and open-contact indicating controllers. These 
Bristol instruments are described in Data Sheet No. 45. 





AUTOMATIC CONTROLLING AND RECORDING INSTRUMENTS 
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Note the mirror-like finish on the rod in 
the lower picture . . . it’s a beautiful 
job, one of which the buffers at Aireon 
Mfg. Co., Burbank, California can well 
be proud. We, too, can take pride in this 
fine piece of work because the method 
was suggested by one of our Finishing 
Specialists and Lea Compound is the 
finishing composition. 


If any of your production steps involve 
burring, polishing or buffing . . . and if 
you’re not entirely satisfied with the re- 
sults you are getting, why not get in touch 
with us? We'll be glad to help you as 
we have helped countless others both in 
the decorative and war-contract fields. 




















The following are 11 application 
a.c. welding serves best: deep fille 
less steel, light gage or intric 
heavy steel stock, cast iron, ship 
assembly, bases and frames, m 
and repair, submerged melt, or 
welding and highest quality 
vessels. 


S Where 
t, Stain. 
ate Work 
Ways, sub, 
4intenance 
2ULOMarti, 
Pressure 


—Southern Machinery & Me: 


Nov. 1945, pp. cae. 


Lubricants for Drawing Magnesiym 
Condensed from “Steel” 


Many of the difficulties in drawing map. 
nesium are tied up with the brittleness 9 
the close-packed hexagonal crystalline form, 
As the temperature of the metal is raised 
however, the deformation properties of th. 
metal are greatly improved and at temper. 
tures of 450 to 700 F the metal may jk 
more severely worked than can most othe 
metals at room temperature. Temperature 
above 750 F should be avoided. 

This situation, which makes hot forming 
of magnesium necessary, results in basic 
differences in lubrication problems from 
those encountered in cold forming of othe 
metals. 

Desirable properties of a lubricant fo 
drawing magnesium are: (1) Ease of appli. 
cation, (2) good lubricating qualities, (3 
ability to withstand temperatures up tx 
700 F, (4) chemical inertness, (5) quality 
of burning off without leaving a residue 
that is difficult to remove, and (6) lack « 
toxicity. 

Most widely used component of lubri- 
cants for drawing magnesium is graphite, 
because of the resistance of this material 
to high temperatures and its innate lubri- 
cating qualities. Dow Chemical Co. engi- 
neers have found colloidal graphite sus. 
pended in a volatile solvent to be very 
good. This is sprayed on the sheet with ; 
conventional spray gun. Acheson colloidal 
graphite Type 2404 for sheet (used in the 
proportion of 1 part to 50 parts of carbon 
tetrachloride) also can be employed. 

Another method of using graphite is 
with a suspension of 20% flake graphite in 
tallow or in tallow and mineral oil mix- 
ture. In this case, it is suggested that this 
be applied by buffing on die surfaces rather 
than to the work. Flake graphite in 
volatile solvent has also been suggested. 

In using graphite it is desirable to clean 
the die occasionally and to rub some gre 
phitized grease on the working surfaces by 
means of an asbestos pad. 

It is very important to clean the work 
as soon as possible after using graphite 
lubricants. In general, Dow Chemical Co. 
suggests use of oiled rather than chromium 
pickled surfaces if graphite is used since 
cleaning is facilitated. 

Other suggested lubricants include a mix- 
ture of high flash point oil consisting 0! 
asphaltic still residue and black oil, with 
0.75 lb. of mica per gal.; Lennox soap 
solution and a good brand of heavy ma- 
chine oil for use on the dies. 

Many workers suggest the use of mil 
steel for tools rather than hardened steel. 
It is important to maintain a high polish 
on the tools. 


MATERIALS & METHODS 
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EF on OS. Ge 


For Every Industrial Heat Treating Process 


Investigate the advantages of EF Furnaces 


For Bright Annealing Wire, 
Strip, Tubing, Stamping, etc. 





ea i eer The Above Combination Gas-Electric Furnace 
. :  —_ 
~ \\\ Vy L/, : With Heavy V-Type Cast Grid Heating Elements 
= ‘ Ay and EF Gas-Fired Recuperative Type Radiant Tubes 
> <= Bright Anneals 2500 lbs. of Copper Wire Per Hr. 
ual A Bright, uniformly annealed copper wire—at the rate of 11/4 


tons per hour—is discharged continuously from the above 
combination gas-electric, controlled atmosphere furnace. This 
furnace handles rod in coils up to 36” in diameter as well 
as wire on large reels. The material is carried through the 
furnace on bulkhead type trays which provide an effective 
seal for the protective atmosphere used in the equipment. 
These trays eliminate the use of doors, lock chambers, or 
other sealing devices at either the charging or discharging 
ends of the furnace. 


The heating chamber is divided into two separately and 
automatically controlled zones. The first or charging zone 
is heated by EF gas-fired recuperative type radiant tubes. 
The second or soaking zone is heated by heavy V-type cast 
alloy heating elements. 


Relisy, 





The heating elements in each zone are located above and 
below the charge and extend the entire width of the cham- 
bers, insuring absolute temperature uniformity throughout 
the charge. 


The protective atmosphere is produced in an EF generator 
located beside the furnace. 





Other outstanding EF production furnace installations include furnaces for bright 
annealing, both ferrous and non-ferrous strip, wire, tubing and other products .. . 
furnaces for the production heat treatment of bolts, springs, castings, ey se 


and forgings; as well as furnaces for aluminum, copper and brass brazing; billet 
heating, scale-free hardening and other processes. 
Submit your furnace problems to EF engineers . . . we specialize on building production furnaces 


The Electric Furnace Co., Salem, Ohio 


Gas Fire i! Oil Fired and Electri Furnaces- -For Any Process, Py 


ction 
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Punches for drawing magne; 


; ; 4m are 
made of steel, aluminum, cast iron zin 
and even magnesium alloys. ’ 

—Samuel Spring. Stee!, ya) i 

Dec. 31, 1945, 64 ~ 


Die Cast or Built Up? 


Condensed from “Die Casting” 


Many designers of metal products. needed 
in moderate to large quantities, though 
aware that die castings fit certain need: 
are prone to rely upon assemblies built up 
chiefly from sheet metal and from ba, 
stock, especially stampings and clemen; 
turned out on the screw machine. Ther 
are many cases where die castings are no, 
only cheaper, but are a superior produc 

Construction of components by combip. 
ing stamped and screw machine produc; 
generally involves fabricating numeroy; 
parts, all of which must be handled sep. 
arately sooner or later and fastened into ap 
assembly, usually by riveting, welding 
staking, application of screws or like proc. 
esses, often requiring machines or specia 
tools. 

Fabrication is rapid and low cost mate 
rials can be used, but handling and assem. 
bly costs often run high and tooling charges 
may exceed those for die castings. Th 
final product is often inferior in appearan 
and perhaps lacks desirable features ea: 
incorporated into die castings 

Take a certain clock frame. All bearing 
and other bosses are formed with height 
and center distances held within quite clos 
limits. Holes are cored at or very close t 
size and only the simplest machining, such 
as reaming or spot facing, is required 
After gears and working parts are applied, 
the ends of the integrally cast stepped 
spacer tubes are spun over or joined by 
screws, and the assembly is completed 

If the clock frame had been made « 
stamped parts and screw machine products 
not less than 20 parts would be needed, a: 
numerous bosses would have to be mad 
as separate pieces and staked or otherwis: 
assembled. Plates would require blanking 
piercing, forming and hole reaming anc 
screw machine parts would be needed t 
space the plates apart. If brass were used 
material costs would be high and scrap 
would be formed. 

Another part was built up originally by 
blanking and forming aluminum sheet 
parts and welding them together at a cost 
of $5 per assembly. Later the unit was die 
cast in the same shape at about one-tenth 
this cost. 

Take a phonograph record changer, i0- 
volving a gear combined with two cams, 4 
hub and several bosses for mating parts 
Die casting is the answer. A similar blank 
could be sand cast or produced in a plaster 
mold, but much machining would b 
needed. But with the die casting, the only 
machining is to ream certain holes and ¢ 
spot facing. Cams and gear teeth are <i 
cast to size and the holes precisely core 


Die Casting, Vol. 3, Dec. 1945, pp. 38-40, 


More Digests on page 817 


MATERIALS & METHODS 
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Automatic Roto Shaving 
Condensed from "The Iron Age” 


| years ago, rotomilling was intro- 


Sever ' 
inced to replace turning. The method con- 
saa of rotating the work in between one 
_, more pairs of milling cutters. Although 
the accuracy and speed of production were 
high, the size and expense of the equip- 


ment limited its application. 

National Broach have now announced 
another new process, roto shaving, a logical 
outcome of rotomilling. This equipment is 
compact, reasonably priced and highly efh- 
cent. Similar in principle to the gear 
shaving process, it is designed for finish 
machining operations on all kinds of cylin- 
drical, flanged and conical parts. The cutters 
and work both rotate. 

The cutters resemble specially formed, 
gne pitch milling cutters with the number 
of cutters determined by the number of 
surfaces to be finished in one setting. With 
, stock removal of 0.010 in. on flanges or 
9.020 in. on diameters, rough machined 
parts may be finished to grinding tolerances 
with a fine smooth surface at least equiva- 
lent to that obtained in green grinding. 

The process lends itself to an almost 
infinite variety of combinations and simul- 
taneously shaving a diameter with adjacent 
shoulders or a bore with adjacent face 
square. Machines may be made up as 
single spindle units or combined into spe- 
dal multiple spindle arrangements. 

Typical applications include an automo- 
bile transmission clutch gear which is roto 





shaved om two diameters and adjacent 


lers and a ring gear where the bore 
and back face are finished in a single 


peration. 
Walter Praeg. /Jron Age, Vol. 156, 
Dec. 27, 1945, pp. 56-57. 


Electroforged Gratings 


condensed from “The Welding Engineer” 


Electro-forging’” is what the author 


calls a novel process by which ship gratings | 


are manufactured. Gratings are used in 
many places about warships, such as around 
20-mm. gun mounts, engine and fire rooms, 
under submarine periscopes, for ladder 
treads, etc. The new type of manufacture 
was accomplished at Mare Island Navy 
Yard. Formerly, it was made by piece-by- 
piece arc welded fabrication. 


The author devised fixtures, dies and | 


other equipment that would permit its 
manufacture on a spot-welding machine, 
which has reduced labor to about 20% of 
formerly and has saved arc welding elec- 
trodes. Correct gratings for every purpose 
can be obtained by this method. 
_ Basically, the grating consists of parallel 
flat brass bars, placed on edge and equally 
spaced, with round rods serving as the 
ss-tying members. The rods are pres- 
welded or electro-forged into the top 
s of the bars. The forging is done on 
4 conventional spot welder using dies in- 
stead of electrodes. 
[he dies should be of sufficient length 
over the number of welds that the 
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CLIP AND RETURN COUPON 


FOR FILE SIZE DATA SHEETS 


DYCLENE E, sensational 
new reverse current 
cleaner for cleaning die 
cast metals — eliminates 
gas absorption — helps 
produce an adherent 


bright deposit. 


METALEX W SPECIAL, 
new, extremely effective 
all purpose cleaner for 
use in plants where it is 
not practical to set up a 
separate cleaning cycle 
for each metal. 





MAC DERMID INCORPORATED 

Waterbury 88, Connecticut 

Gentlemen: Will you kindly send me the information checked on the reverse side 
of this coupon. My name and firm name are as follows: 


UPI CRIB. a. cncsceccosccscconcnsacscasecsscocesccscsconeoccossoncssarsssscqboonocesenopesnbeseccsbensesenqnscossseooses 


NCORPOR ATE ODO 


WATERBURY 88, CONNECTICUT 


WRITE ONE OF THESE SERVICE ORGANIZATIONS FOR FREE DEMONSTRATION 


LEYELAND ST. tours TORONTO—CAN. 
ouraor curcace cueY So teheaiad 


Udytite Corp. Udy-ve Corp. Lofoleo, 
Geo. A. Stuts Mia. Co. McBeon Chem. Co. incorporated Supplies Co. 
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current cleaning die 

cast metals prior to 

plating or finishing — 

eliminates gas ab- 

sorption and helps 

produce an adherent 
thay bright deposit. 
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DYCLENE E is the new 
MAC DERMID INC. 
compound especially 
developed for reverse 
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New DYCLENE E Folder describing the many uses of this reverse cleaner. 
Special Data Sheets on DYCLENE E giving technical cleaning information. 
Data Sheet on METALEX W SPECIAL stating technical information on this 
multi-purpose cleaner. 

Have your local representative call on 


O OOO 


for Cleaning 





1 Would Also Like Information on Your Individually Formulated Compounds ¢ 
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WRITE ONE OF THESE SERVICE ORGANIZATIONS FOR FREE DEMONSTRATION 
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machine is able to handle at one Operatio 
They should be made of a copper _ 
having a high degree of conductivity as 
a high annealing point, and should be 
efficiently water-cooled. 

A flat bar, 4% in. by 1 in. and round 
rod of %4-in. diam. need about 4,500 am 
and 600 lb. pressure per weld and _ 
3 sec. heat time. If the dies are made to 
cover five flat bars, there will be five welds 
at each machine operation. Thus, 4, 
machine should be set at 22,000 amp. and 
3,000 Ib. pressure and about 3 sec. hex, 
time. 

Normally, the rod will be pressed int 
the bar just before the heat cuts off. Th, 
pressure setting is particularly critical, To, 
much will force the rod into the bar before 
the temperature of the two pieces is raised 
to the welding point. Too low a pressure 
fails to keep forging the rod into the fla 
bars as the heating progresses, and there 
will be a drip of metal that is too hot fo, 
some of the welds. 

The rod should be pressed flush with the 
top edge of the bar. At each junction point 
excess metal squeezes out to form a smal! 
saddle, thus creating welds of large cross. 
sectional area. 

The unwelded section of the rod must be 
free to bend from its sunken position up 
to the edge of the next flat bar as the dic; 
are forging the rod into place. The bend 
straightens out as the grating is moved 
the next welding position and another 
section of rod is forged into union with 
the bar. 


A. J. Randolph. Welding Engineer 
Dec. 1945, | 


Metal Spinning 


Condensed from 
“Modern Machine Shop” 


Where circular drawn or formed pieces 
made from sheet metal are required i 
thousands, no method of production can 
compete from standpoint of speed and 
economy with stamping. But where ex- 
perimental samples or pieces from 12 to 
200 are wanted, spinning is the most 
economical. Spinning used to be regarded 
as a rather crude method of metal forming, 
but in recent years objects can be spun to 
close tolerances and modern skills are 
required. 

Experienced spinners are able to ap- 
proach quite closely the accuracy in com- 
plicated contours of the die-pressers. Spin- 
ning is particularly adapted for thin work 
over 48 in. in diam. The operation is per- 
formed on a lathe similar to a woodworkers 
lathe. 

For thin or small work, a simple form- 
ing lever is pressed against the workpiece 
When the material is large or thick, 4 
double lever. is used. 

With a double lever the workman's left 
hand applies pressure on the tool (a round 
knob at the work face) by pulling the 
lever toward him and his right hand moves 
the tool radially on the chuck. The spit- 
ning tool is usually steel for spinning non- 


(Continued on page 822) 
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. that a Ferrisul pre-etch makes possible. Ferrisul has no acid fumes, and is easy and safe to | 
ap- Ferrisul, Monsanto’s anhydrous ferric sulfate, use and store. } 
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DS MARCH, 1946 821 











— 




















“ ee i 
hie 4 GEE Ve a | 


+ tage 


9 


ti 
a 








Setting new standards 





in production welding 





Matching their important contribution to 
faster production welding for war, C-F Weld- 
ing Positioners are setting new standards in 
post-war welding practice. Shops already 
equipped with C-F Positioners are pacing the 
field in the race for new markets. 

Equipped with variable speed control in 
any practical speed ratio, from 0 RPM and 
up, for handling circular or peripheral welds, 
C-F Positioners are speeding production weld- 
ing practices everywhere. Speed selection is 
fast, easily made, permittine quick change- 
over of material being welded. 


C-F Positioners as production tools are 
changing welding practice from slow, costly 
operations to faster, better automatic down- 
hand welding. Cost of welding footage is 
reduced, “overwelding” is eliminated and 
machine or operator capacity is materially 
increased. There are hand or power oper- 
ated C-F Welding Positioners in capacities 
from 1200 to 30,000 Ibs. Write for illustrated 
bulletin WP 22. Cullen-Friestedt Co., 1314 
South Kilbourn Avenue, Chicago, Illinois. 


meon better, more 


economical welds 
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SPRAY ENGINEERING CO. 
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ferrous metals, and brass for spinning Stee! 
Hardened steel rollers are sometimes ay 

The tip of the tool is shaped accordj,, 
to the type of contour being spun. A ig 
tour that has long sweeping curves js spun 
with a flat-sided tool; a contour with sharp 
breaks needs a pointed tool to tuck the 
material into the corners. 

A sharp edge or tool is never used jy. 
cause it would cut the metal, though , 
tool tipped with a sharp piece of high. 
speed steel is used to trim the outside of , 
finished shell or to cut out any concentric 
holes needed. 

The action is entirely one of stretching 
and drawing — no bending — exactly |i. 
deep drawing press work. Often spinning 
must be broken down into several steps 
Thus, the 64-in. diam. cowl ring for th. 
Grumman Wildcat fighter, made of 525 
aluminum, requires breaking down an 
several anneals. 

The chucks over which sheets are spun 
are practically always convex. Perhaps the 
most common chucks are made of Masonite 
wood, but the most accurate ones are of 
steel. Follow blocks are of wood or Ma. 
sonite and run in live centers on the tail 
stocks of the lathe. The follow block pro. 
vides the friction that makes the disc spin 
with the chuck and clamps the disc ip 
position. 

In one application a wood chuck wa; 
used for the roughing and an accurately. 
ground glass template used for the finish. 
ing. Typical peace work is parts of stree 
lamps, searchlight reflectors and surgical 
reflectors. 


C. J. Holinger. Mod. Machine Shop, Vol. 1} 
Jan. 1946, pp. 124-128, 130, 132 


Making Large Gears 


Condensed from 
“Western Machinery & Steel World” 


Though gears have been used for 2,00) 
years or more they are still among the 
most difficult machine parts to manufacture 
properly. Surface wear is the most com- 
mon cause of gear failure and may result 
from material defect, undue loading, shock, 
vibration, or improper tooth shape. 

The good gear should be noiseless, wear- 
free and indestructible in normal opera- 
tion, conditions which are realized only 
through competent metallurgy, precision 
tools in the hands of experts, optimum con- 
ditions of shop manufacture, and meticu- 
lous testing. Precisely formed teeth are the 
basic factor in gear silence. 

The Joshua Hendy Iron Works, Sunny- 
vale, Calif., makes steel gears ranging from 
3 to 147 in. diam., used chiefly as speed 
reducers for marine steam turbines and 
marine and stationary turbogenerator sets 
The large fabricated steel marine gear con- 
sists of a separate rim and hub, two flanges 
or centerplates, and a number of radial 
webs to hold the flanges apart. 

Positioners facilitate the welding of th¢ 
big gears, used with Unionmelt machines, 
doing 25% of the welding and being mor 
uniform and accurate than the hand job 

When rims of a 147-in. bull gear are of! 
high carbon ‘steel, the assembled blank 1s 
heated in a gas-heated pit furnace to 600 F 


MATERIALS & METHODS 
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Fad CL. nconet equipment shows 
longer service life at the high temperatures 


used in heat treating. 


Inconel* offers all the properties you need in salt 
bath equipment. It’s a strong, ductile, thermally 
durable metal. It resists corrosion and oxidation as 
well as repeated quenching. And, it doesn’t be- 
come embrittled by hardening baths and atmos- 
pheres. 


The segmental baskets above illustrate just one 
of the many ways Inconel is being used to cut re- 


placement and minimize operating interruptions. 


Inconel is available in all standard forms— 


plate, sheet, strip, rod, tubing, wire, screening—to 


(80 NICKEL -/4 CHROMIUM) 


MARCH, 1946 


be readily fabricated into designs to fit individual 


requirements. 


More and more operators are letting Inconel do 
their tough jobs . . . jobs that were never before 


handled satisfactorily by other materials. 
Let Inconel fight your battle with Heat! 


For more information on the metal that fights 
high heat ... oxidation... corrosion... embrit- 
tlement ... mechanical abuse ... write for your 
copy of: “For Long Life at High Temperatures.” 


*Reg. U.S. Pat. Off. 
THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. 





I / CON LF, Z ..-for long life at high temperatures 
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JOHNSION 


BLOWERS 


LOW PRESSURE, DIRECT CONNECTED 
Simple, efficient, compact, dependable. 


BURNERS 


OIL and GAS. “REVERSE BLAST” 
Mixes ALL the fuel with ALL the air. 


CONTROLLERS 


VALVELESS AUTOMATIC. Positive 
control of oil feed. Straight line 
temperature control. 


FURNACES 


for Forging, Heat Treating, Soft Metal 
Melting. 








WRITE FOR BULLETIN MA-550 
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and removed for welding while hot and is 
covered with asbestos: blankets to protec, 
the welders and slow the cooling. 

Gears after fabrication are treated in ap. 
nealing ovens, 12 by 15 by 22 ft., equipped 
with flat cars running on tracks and heated 
by gas or oil. These big gears are of the 
nested type — two identical gears mount; 
with a space between them on the same 
shaft and mounted while hot, performing 
a shrink fit on the shaft, strengthened by 
fixed keys. 

The entire assembly, weighing 27 tons 
is removed to a 200-in., gap lathe for turp. 
ing and facing to size, with tolerance 
limits of 0.001 in. Seventeen large hobber; 
in temperature controlled rooms can work 
to tolerances measured in ten-thousandth; 
of an in. The plant also has modern gea; 
shavers with capacities up to 96 in. 

The finish cut is done on 160-in. double. 
head Gould and Eberhardt hobbing ma. 
chines, cutting on both helices simultane. 
ously. Provision is made for all work 
shocks. 

All except the largest bull gears are fin. 
ished on rotary gear-shavers which produce 
a flawless finish and perfect tooth form. 
They remove thin, hairlike chips of 
0.00025 in. or finer, automatically rectify. 
ing any small errors in index, helical angle, 
tooth profile, and eccentricity. 

Dynamic balancing machines, with a- 
pacities of 0 to 25,000 Ib., are also used. 
being able to indicate unbalances as smal! 
as 0.000025 oz. 


C. A. Sheffield. Western Machinery & Ste: 
World, Vol. 36, Dec. 1945, pp. 54 


Flame Cleaning of Steel 


Condensed from “Industrial Gas” 


Too often when steel is cleaned with a 


| gas flame preparatory to painting high- 


heating value gases are used in the work 
and the fuel cost is high. Then, if oxygen 
is employed, the cost is further raised 
Moreover, these gases produce a very in- 
tense heat, there is danger of overheating 


| and warping the steel, and considerable 


smoke is produced that hinders the work- 


| men. 


The Grandin Road viaduct in Cincinnati 
was flame-cleaned and the steel dehydrated 
preparatory to painting, using the 1000 
B.tu. city gas, with several advantages 
noted. The primary purpose of flame clean- 
ing is to produce a surface that will pro- 
vide a good bond for the paint. Either 
moisture or foreign matter will destroy this 
bond and cause premature failure of the 
paint. 

The hot flame dehydrates the steel, 
loosens and burns all loose or heavy paint, 


| dirt, rust, mill scale or scale in the form 
| of blisters, scabs and all foreign matter. 
| The flame travel is regulated to be fast 
| enough for economy's sake, yet slow enough 
| to do its job thoroughly. 


After the flame process the steel is im 
mediately wire-brushed to remove final 
traces of foreign matter. Then, while the 
steel is still warm, the paint is applied, 
doing a better job than were the steel cold. 
The paint is more viscous and more pene 
trating and spreads more evenly from the 


MATERIALS & METHODS 
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Phillips Propane has gained rapid favor in die casting because it gives 
a clean, fast heat. Uniform thermal value plus adequate 


pressure provide better temperature control . . . an outstanding ad- 





vantage of Phillips Liquefied Petroleum Gas, the modern fuel for industry. 
0 If these features plus year-round dependability of supply interest you, contact 


0- our nearest Branch Office and a Phillips engineer will give you complete details. 


: PHILLIPS PETROLEUM COMPANY 


on 
o Philgas Division 

: BARTLESVILLE, OKLAHOMA 

! | Branch Offices in NEW YORK, CHICAGO, PHILADELPHIA, MILWAUKEE, 
4 DETROIT. ST. LOUIS, SHREVEPORT, AMARILLO, HIBBING, DENVER 
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FASTER CUTTING 
Clipper Plt Saws 


Your Special Size and Shape Brick 
or Concrete Block can now be 
“Tailor-Made” at a moment’s notice! 





The new Clipper Multiple Cutting 
Principle makes possible faster cut- 
ting of every masonry material re- 
gardless of hardness. 


Here are a few typical examples of 
the speed and accuracy with which 
concrete products and fire brick can 
be cut. 


This concrete 
block, converted 
into a special 
size,was cutcom- 
pletely in two in 
19 seconds. 





One of the many 
intricate cuts 
performed on 
first quality clay 
brick for heat f 
treating furnuces 
—made in 8 sec 





(Rotary Kiln 
Blocks, cut to 
size for “‘*key” 
bricks in rotary 
kilns, require on- 
ly 1 Osec.forcom- 
pletion of cut. 





Basicrefractories 
for steel furnaces 
or cement kilns 
must be accur- 
ately installed. 
This magnesite 
brick was cut in 

12 seconds! > 





Clipper Saws are available for trial. 


Write for Descriptive Catalogs. 





4037 CHOUTEAU 
ST. LOUIS 10, MISSOURI 
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spray gun. Flame cleaning was originally 
started in the shop but in recent years has 
been applied to outdoor steel structures. 

The city gas on the Cincinnati job was 
applied with compressed air. There was 
95,000 sq. ft. to be so processed. Light 
portable equipment was used. The low 
pressure gas lines and gas meter were pro- 
tected from accidental air-back pressure by 
an oil seal. One air line and one gas pipe 
were suspended under the deck and run 
within 50 ft. of either end of the viaduct. 
Tees were spaced 40 ft. apart in these lines 
as connections for the air and gas hoses. 
Hose sizes were ¥) in. for gas and 3 in. 
for air, with lengths in 50 to 100 ft. 

Each torch uses 125 cu. ft. of gas per hr. 
Total gas consumption for the Cincinnati 
job was 85,000 cu. ft. Of course, there are 
not many locations where gas can be used 
for this outdoor work. The idea is more 
often to be applied to the shop fabricators. 


—A. J. Pfetzing. Industrial Gas, Vol. 24, 
Dec. 1945, pp. 17-18. 


Stainless Steel Scrap 


Condensed from 
“Blast Furnace & Steel Plant’ 


Stainless-steel scrap could not be used by 
the early melters of stainless steel in the 
arc furnace, because of the problem of 
recovering the chromium from the scrap 
while maintaining a low-carbon content in 
the stainless-steel melt. Stainless-steel scrap 
became a drug on the market. 

A little over 15 years ago, metallurgists 
and melters of stainless steels solved the 
technical problems of using stainless-steel 
scrap for melting stainless alloys. There 
resulted even more efficient recovery of the 
chromium in the scrap than had been an- 
ticipated and more accurate control of the 
carbon content of the steel. Stainless steel 
became a valuable commodity and an asset 
to the melter. 

With the increase in number and com- 
plexity of stainless steels, new problems 
have arisen. To produce the many alloys, 
the melter of stainless steel must have 
properly segregated stainless-steel scrap. The 
scrap from the various stainless alloys can- 
not be intermixed or contaminated. 

If the scrap generated from stainless steel 
is identified, accumulated, stored, sold, and 
prepared for remelting, according to the 
same American Iron & Steel Institute type 
number as the steel was originally bought, 
such scrap will be in constant demand by 
melters. Correct identity and proper sep- 
aration are more important than the form. 

In addition to keeping each A.1.S.I. type 
separate, contamination of the scrap by even 
small quantities of copper, brass, and other 
copper alloys, and tin or lead alloys must 
be avoided. The only practical method of 
determining if an individual lot of stainless- 
steel scrap has been properly separated and 
is free from contamination is chemical 
analysis of the scrap. 

It is always preferable to ship only one 
grade of stainless-steel scrap in any one 
truck or car to avoid intermixing. 


L. F. Weitzenkorn. Blast Furnace & Steel Plant, 
Vol. 33, Dec. 1945, pp. 1511-1512, 1537-1538. 
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CLEANING of 
DIE 
CASTINGS 








Producers and users of die cast. 
ings know the high importance of 
CORRECT surface preparation 
before applying organic or other 
finishes either for corrosion pre. 
vention or appearance. 


Since die castings may be of 
aluminum, zinc, magnesium, brass, 
bronze, copper, tin or lead, the 
RIGHT cleaning or degreasing 
material should be selected for 
EACH metal to remove thorough- 
ly all buffing compounds, oil, 
grease, shop soil. Because in 
EACH case the RIGHT material 
assures better results, faster, more 
effective cleaning and LOW unit 
cost. 


Send for FREE Digest 


Producers and users of die castings are 
invited to take advantage of the wide 
range of specialized Oakite materials 
designed for cleaning die castings, and 
of our 37 years’ successful cleaning 
experience. A new Oakite Digest dis- 
cusses this important subject, describes 
cost-cutting methods used by many 
plants. Write for your FREE copy 
today. 


OGAKITE PRODUCTS, INC. 
32H Thames Street, New York 6, N.Y. 


Technical Service Representatives Locoted in All 
Principal Cities of the United States ond Canodo 


OAKITE Sev 
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faced 32 instead of 0 pieces per grind 
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e Feed per revolution eS ] 32°" 


® Cutting speed 235 ft. per minute 


Cutting speed was also increased 
from 100 feet per minute to 235 
feet per minute. No wonder the 
customer said, “A marvelous 


work value on this job.’ 











If YOU have a 
cutting problem... 


Ce Bethy Sterling 
STEEL COMPANY 


McKeesport, Pa.—New York, Hartford, Philadelphia, Pittsburgh, Cleveland, Dayton, Detroit, Chicago, Los Angeles 









MARCH, 1946 827 






















Structural Model Testing 


Condensed from “S.A.E. Journal” 


Design, construction and testing proce- 
dure used in connection with stress models 
developed by engineers at Goodyear Air- 
craft Corp. to check theories on stress 
analysis of the indeterminate rigid airship 
structure is discussed. Theoretical and 
model-test results agreed very closely. 

The fundamental rule of similarity rela- 
tive to stress models is that in order that 
a model can faithfully represent the proto- 
type in both first- and second-order effects, 
it must be geometrically similar to the 
prototype both before and after loading. 
The principle of superposition is strictly 
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correct only as long as the load-displace- 
ment relationship is linear. 

Model girders may have any practical 
shape which gives them correctly scaled 
elastic properties. A number of models 
whose members accurately represent the 
elastic properties of the prototype have 
been built and tested. 

The length scale should be chosen for 
convenience and economy because very ac- 
curate results are possible from either large 
or small models. 

Metals are preferred for these models be- 
cause they resist aging and humidity; tem- 


perature effects can be neutralized by using 
the same metal for the entire model; and 
if properly chosen, will not be appreciably 
affected by creep under load. Hard-drawn 
or spring-tempered yellow brass and simila 
high-strength non-ferrous metals are used 
most because they have, in addition, good 
corrosion resistance, low modulus of elgs. 
ticity, easy machinability, and good solder. 
ability. 

Although plastics are excellent for some 
kinds of models because of their photo. 
elastic properties, they are often seriously 
affected by aging, temperature, humidity, 
and a tendency to creep under load. 

The manner in which a model should be 
assembled varies with the type. Assembly 
methods should receive careful considera. 
tion both before and during the design to 
achieve the proper degree of accuracy. These 
Goodyear models were generally assembled 
in carefully made wooden jigs. Model 
members should be calibrated before as. 
sembly to insure proper stiffness. 

Testing methods are the indirect, in 
which stresses are obtained from influence 
lines, and the direct, in which scaled-down 
loads are applied directly to the models. 
Designs of models for both types of testing 
are fundamentally the same, in that they 
should correctly represent the stiffness of 
the prototype. 


—O. W. Loudenslager. S.A.E. Journal, 
Vol. 54, Jan. 1946, pp. 18-25. 


Device for Sorting Metals 
Condensed from “Steel” 


Tribo-electricity is electricity created by 
rubbing together two chemically dissimilar 
substances. Chemically identical substances 
subjected to frictional contact create no 
electrification. An instrument named the 
““Metalsorter” employs this effect as its basic 
principle of operation for sorting and iden- 
tifying pure metals, steels, and non-ferrous 
alloys. 

A standard reference specimen of known 
or acceptable character is reciprocated 
against the surface of the unknown piece 
and the potential developed is registered. 
The nature of the dissimilarity is indicated 
by the polarity and size of the potential 
developed, providing that there have been 
made preliminary tests involving the metals. 

The testing tool consists of an assembly 
of a variable-speed motor-driven reciprocat- 
ing mechanism, a bias control, a_ test- 
initiating push-button switch, a specimen- 
holding chuck, and a flexible connector 
lead with spring clip. All are mounted 
within a pistol-grip type aluminum hous- 
ing, which is connected to the control unit 
by means of a _ multi-conductor cable 
equipped with a non-reversible plug. 


MATERIALS 


& METHODS 
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RCA Type EMC electron microscope used by 
Calco to speed textile and pigment research. 


The Calco Chemical Division, of 
the American Cyanamid Company, 
uses the RCA desk-type electron 
microscope in developing new and 
improved dyes, pigments, and tex- 
tile finishes. This remarkable in- 
strument has proved invaluable in 
this company’s research on the size 
and structure of particles, surfaces, 
and fibers. 

Magnifications of 500 or 5000 
times are obtained with useful 
photographic enlargement up to 
100,000 diameters. Calco reports: 


“The electron microscope is particu- 
larly well suited to the study of pigments 








Pictures courtesy of ‘“Textile Worid’’ 
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i ae 
Disintegrated Cotton Fiber X20,000—Calco 
uses such micrographs to study fibers and 


thus determine proper dyeing technique. 


and insoluble dyes. For maximum hiding 
power, tinting strength, and coloring 
value, the primary particle size of pig- 
ments must be well below the dimen- 
sions that can be clearly resolved by 
visual light. 


“The electron microscope, utilizing 
electrons instead of light waves, has a 
resolving power many times that of the 
ordinary light microscope, and shows 
with great clarity the outlines of in- 
dividual particles. It reveals not only 
the shape and surface smoothness but 
frequently the structure of secondary 
aggregates. 


“*The studies which have been possible 
with the electron microscope have con- 
tributed materially to the development 


SCIENTIFIC INSTRUMENTS 


RADIO CORPORATION of AMERICA 


ENGINEERING PRODUCTS DEPARTMENT, CAMDEN, N. J. 
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Vat Green Dyestuff X20,000—Crystal size and 
shape are important properties in determin- 
ing suitable dyeing applications. 


of pigments with improved properties 
and performance.” 

In an impressive number and va- 
riety of industries and institutions, 
the RCA electron microscope is un- 
covering new knowledge, speeding 
research, and improving product qual- 


ity and performance. 
RE ae 


Our electron-microscope engineeis 
will gladly help you appraise the pos- 
sibilities of the desk-type or the even 
more versatile ‘universal’ type RCA 
electron microscope in connection 
with your work. Write Dept. 52-C, 
Electron Microscope Section, RCA, 
Camden, New Jersey. 
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Starts With the Right Finish 
...at BURGESS-NORTON 


One reason for the outstanding quality of Burgess-Norton wrist-pins 
is that no finishing machine gets into production until surface-finish 
standards are met. By using the Profilometer to check every operation 
from rough-grinding to final inspection, Burgess-Norton knows that 
every pin meets or betters the customer’s finish specifications. 


The Profilometer is particularly useful in setting up each machine 
in the wrist-pin production line. The contribution of each inter- 
mediate finishing process to the final size and finish can thus be 
evaluated. 

“No one baby’s the Profilometer,” says Tony Martello, B-N Chief 
Inspector. “With a few minutes instruction any machine operator 
can use the Profilometer to check the work of his machine. The 
Profilometer is kept in the shop and a part can be checked in a 
matter of seconds.” 

If your company manufactures machined parts the Profilometer 
can be of value to you in enabling control of surface roughness. One 
of our representatives would be glad to call to demonstrate the 
Profilometer and discuss its application to your work. Catalog on 
request. 


Illustrated above—The Type Q Profilometer and Type M Tracer meas- 
uring the surface roughness of wrist-pins at the Burgess-Norton Company, 
Geneva, Illinois. 


Profilometer is the registered trade-mark indicating Physicists 
Research Company’s brand of surface-roughness gaging instrument. 


PHYSICISTS RESEARCH COMPANY 


ANN ARBOR, MICHIGAN 
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The control unit houses a Thyratron 
timing circuit, an electronic bias supply cir. 
cuit, a specially designed high-sensitiy; 
microvoltmeter, overload protection dey; 
dnd adjustment controls. Only one “sen. 
sitivity” adjustment is mounted on the ey. 
terior panel. This is calibrated in one, two 
and four times the readings obtained 9 
the minimum setting of 1. 

The panel also contains an illuminated 
scale calibrated in mm., an On-Off switch 
and receptacles for the power-input and 
testing-tool plugs. Control unit houses also 
the testing tool, cables, and fixtures. Oper. 
ating power required is less than 100 y. 
at 115 v. and 60 cycles. Entire equipment 
weighs about 40 Ib. 

Testing procedure consists of having the 
instrument connected to a source of power 
and turned to “On”, and chucking a refer. 
erence standard into the nose of the testing 
tool and clipping the flexible lead to the 
piece to be tested. The standard is held in 
contact against a small cleaned area on the 
unknown, and any parasitic potentials are 
balanced to zero indications by the bias 
control. The test is then initiated. 

Under average conditions, the time of 
reciprocation is held automatically to about 
4 sec. at a frequency of 15%-in. strokes 
per sec. Pressure at point of contact js 
about 2 lb. If the specimens are dissimilar. 
the indicator on the illuminated scale will 
have moved to a maximum position. 

To prevent seizure or scoring during 
reciprocation, a small quantity of lubricant 
is applied to the reference standard. Fix- 
tures are provided for use of various sec- 
tions and sizes. 

Tests must be confined to comparing the 
chemical compositions of only those speci- 
mens which are known to be in approxi- 
mately similar constitutional states. The 
surface should not be carburized or de- 
carburized, and should not contain scale or 


rust. 


Antony Doscheck. Steel, Vol. 117, 
Dec. 24, 1945, pp. 106, 109-110 


Salt Spray Testing 


Condensed from “Monthly Review,” 
American Electroplaters’ Society 


ASTM B 117-44T is an excellent and 
complete specification for salt spray test- 
ing, but more specific imstructions are 
needed for reproducible results. 

The 0.50 cal. Metallic Belt Link Com- 
mittee of the U. S. Ordnance Dept. estab- 
lished seven essential requirements for salt 
spray testing: (1) Compressed air entering 
the box must have 84 to 90% relative 
humidity; (2) temperature inside the box 
must be 92 to 97 F; (3) atomization must 
be such as to give % to 3 cc. per hr. of 
fog; (4) collected fog must contain 18 
to 22% salt; (5) pH of the salt solution 
in the reservoir must be 6.5 to 7.2; (6) 
specific gravity of the salt solution at 95 
F must be 1.126 to 1.157; and (7) box ana 
humidifier materials must be completely 
resistant to the salt solution. 

In regard to the last point, Monel, hot 
tin dipped copper and rubber-lined mat 


MATERIALS & METHODS 
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‘Time : 
Microscope... 


200 POWER 


The Eastman 
High-Speed Camera 
gives yOu 
“high-speed vision 
| by stretching 


split seconds into minutes 


Y slowing to leisurely pace action far too fast 

for the human eye to register, the Eastman 

High-Speed Camera provides a direct approach to 
a variety of engineering problems. 

It enables you to watch and study flame phe- 
nomena, movement of fluids, vibrations and chat- 
ter in machine elements, and many other types of 
motion too rapid for the eye to follow. 


The Eastman High-Speed Camera gives you the 


Rog 
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visual facts you need. By taking motion pictures at 
3,000 frames a second, then projecting these “high- 
speed” pictures, slowed down to 16 frames a sec- 
ond, you magnify “action time” nearly 200-fold, to 
the point at which you can see, analyze, measure. 

New applications of the Eastman High-Speed 
Camera to industry's problems are constantly prov- 
ing the value of this “Time Microscope.” 


Eastman Kodak Company, Rochester 4, N. Y. 


High-Speed Movies 


... another important function of photography 





























“ROCKWELL” 
HARDNESS TESTER 


Is Hardness Testing of most advantage to the Buyer 
or to the Seller of Raw Metal or Machine Parts? 


Large companies employ the same sort of specifica- 
tions whether the department employing the material 
procures it from another department of the same 
organization or from outside sources. The user of the 
material sets specifications for what is essential. Any 
company desirous of continuing as the source of supply 
and desirous, as it must be, to keep down the loss of 
rejections must operate in a framework of cooperation 
with the buyer and should aim to function as if it were 
a department of the company to whom they supply. 


The desire to have hardness testing sufficient and 
accurate must therefore be mutual. 


Having kept hardness testing, by direct reading equip- 
ment, on a high plane of accuracy for 25 years no 
one nowadays questions the merit of the “ROCKWELL” Tester. 





The new models have greater speed, convenience and endurance also. 


geo WILSON 


An Associate Company of MECHANICAL INSTRUMENT CO.. INC. 
American Chain & Cable 365 Concord Avenue, New York 54 
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rials have proved satisfactory for the sar. 
urator tank. Copper, or a combination of 
copper, rubber and Monel, may be used 
for the pipe line. Fixed Monel nozzles 
are recommended until something bette, 
is available. The suction pipe from the salt 
solution to the nozzle should be hard 
rubber. All equipment inside the box 
should be Monel or hard rubber. 

It is recommended that the salr spray 
box be heated by a hot water jacket. Ap 
air pressure of 14 to 15 p.s.i. is best as 
higher or lower pressures increase the 
corrosion rate. 

The salt solution should be made of 29 
+ 2 parts by weight sodium chloride jp 
80 parts by weight distilled water. City 
water may also be used if the total solid 
content is under 200 p.p.m. The sodium 
chloride should contain under 0.1% sodium 
iodide and under 0.2% total impurities. 
The solution should be filtered before jt 
is placed in the reservoir. 

—H. P. Troendly, Mo. Rev. Am. Eleciro. 


platers’ Soc., Vol. 32, Nov. 1945, 
pp. 1110-1114, 


Continuous X-Ray Inspection 


Condensed from “Canadian Metals & 
Metallurgical Industries” 


At the Elwood, Ill. ordnance plant oper- 
ated by Sanderson and Porter non-destruc- 
tive tests show flaws at any depth or 
thickness in the ammunition. 

That portion of the X-ray beam that is 
reflected from the anode of the tube 
used for radiography of shells and bombs 
carried around the machine on a continuous 
ring conveyor, while the beam transmitted 
through the anode is utilized for X-raying 
of still larger shells and bombs in the 
basement. 

When no operations are under way in 
the basement, where the large shells and 
bombs were examined, a 10 to 12-in. lead 
shutter absorbs the transmitted beam. The 
transmitted beam is radiographically about 
five times faster than the reflected beam, 
although this disparity increases with den- 
sity and/or thickness. This is based on the 
assumption that the distance of the film 
from the source of X-ray is the same in 
both cases. 

On 8 in. of steel a 2,000,000-volt unit 
is 100 times faster than a 1,000,000 unit. 
What is lost on contrast and sensitivity is 
more than gained by the detection of 
defects in materials of widely varying den- 
sities and thicknesses. 

The basic protection to personnel con- 
sists of an internal concrete wall and its 
lead shield, plus the 24-in.-thick concrete 
floor and walls. 

Features of the X-ray machine include 
(1) the development of a large low- 
frequency resonance transformer which 
permitted insertion of the long X-ray tube 
in the center, and (2) the tube itself, actu- 
ally a further development of the 12- 
section fernico-ring design used on _ the 
1,000,000-volt apparatus. Permanently 
vacuum-sealed, the 2,000,000 volt tub 
contains 24 intermediate electrodes whos« 
function it is to even the potential gradient 
across the tube. 


David Goodman. Can. Metals & Mer. Ina 
Vol. 8 Nov. 1945. pp. 32-35 


MATERIALS & METHODS 
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The Industrial THERMAX in its Tenth Anniversary Model 


736, ten years ago, Machlett intro- 
duced the Thermax—the first shock- 
proof X-ray tube to combine in one unit 
radiographic, superficial and interme- 
diate therapy applications. During the 
years since, it has made an outstanding 
contribution in these fields, giving the 
user a broadened field of techniques 
with minimum investment. The demand 
for.tubes of this type or units of similar 
design offering even greater capacity, 
has been beyond our early expecta- 
tions. As a result of this extensive expe- 
rience, much additional knowledge was 
gained, which has enabled Machlett to 
completely redesign the tube. All the 
newest improvements have been incor- 
porated without changing the external 
dimensions, and thus the tube can be 
used as a replacement in your present 
equipment. 


The same small-sized housing is re- 
tained, rotatable through 360°. 
Strength has been increased at vital 
points. The new features increase the 
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ruggedness and improve the function of 
the mechanical and electric internal 
structures. 


COOLING: Heat dissipation is substan- 
tially increased: Two models: water- 
cooled and oil-cooled. Latter now fea- 
tures a new system of supplying the oil 
in a highly efficient jet discharge. Metal 
in cooling system is corrosion-proof 
super-nickel. 


INSERT: Redesigned for more efficient 
operation. Closed hood with beryllium 
window surrounds target; space within 
tube is field-free, minimizing wall bom- 
bardment and stem radiation. 


SHIELD: Ray-proofing by a heavy cop- 
per hood. A lead-loaded bakelite shield 
insures greater electrical stability and 
inhibits internal scattering. 


Full details of this outstanding contribu- 
tion to an important and growing field 
will be sent on request. Write Machlett 
Laboratories, Inc., Springdale, Connec- 
ticut. 


—_——- SE 


150 PKV Industrial Thermax 
20° target angle, available with single 
focus B spot, either water-cooled or 


| forced-air-cooled. 


The new, improved Industrial Thermax Insert 


APPLIES TO TNBUSTRIAL USES 


i“ YEARS OF ELECTRON TUBE EXPERIENCE 

















Use of Fuel 


THE EFFICIENT USE: OF FUEL. Pub- 
lished by Chemical Publishing Co., 
Brooklyn, N. Y., 1945. Cloth, 51% x 81% 
in., 807 pages. Price $8.50. 


This volume, prepared by a group of 
British technologists under the direction 
of the British Ministry of Fuel and Power, 
is a very complete and useful handbook, 
covering not only all phases of the sub- 
ject of fuels but also the furnaces and 
other devices used for their combustion. 

The purpose of the handbook is to im- 
prove the efficiency of fuel utilization, 
which has become a matter of immediate 
importance in Great Britain. All of their 
fuel, with the exception of imported petro- 
leum, is either coal or is made from coal, 
a condition which might wisely be an- 
ticipated in America. 

Their uses and problems are identical 
with our own, SO that recommendations 
contained in this volume are of equal 
value to our industries, where there is yet 
some time to repair the barn door before 
the horse is stolen. For instance, the 
preservation of all coking coals for use by 
the metallurgical industries and the efh- 
cient use of coke oven gas (natural gas 
does not exist in Great Britain) are ef- 
forts which we could well afford to con- 
sider more seriously at this time. 

In the discussion of the technical as- 
pects of fuels and combustion, and of the 
laws of heat transfer, much practical data 
of value to engineers are discussed. Simi- 
larly, information on the flow of liquids 
and gases and their measurement is in- 
cluded to produce an unusually complete 
reference handbook on this subject. 

Steam boilers and their auxiliaries are 
described, including an excellent chapter 
on waste heat boilers, which are seldom 
mentioned in American technical litera- 
ture. The use of steam for all manner of 
purposes, including drying and central 
heating, and the equipment involved in 
its use, is covered thoroughly. 

The discussion of industrial heating 
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furnaces is taken largely from the books 
of our own Professor W. Trinks. All 
types of melting furnaces from cupolas to 
electric arc furnaces are considered, both 
in theory and in operation, and glass 
furnaces, cement kilns, and the many dif- 
ferent types of calcining and drying kilns 
are described in detail: A large chapter is 
devoted to refractories and insulating 
materials. 

Whereas the trend in this country is 
yet to convert practically all heat-treating 
furnaces (under 2000 F) to natural or 
artificial gas, the effort in Great Britain is 
to control producer gas, mechanical 
stokers, and powdered coal with sufficient 
accuracy to permit their use in these 
furnaces wherever possible. Such furnaces 
for annealing, hardening, carburizing and 
tempering are also equipped with recu- 
perators, which practice is mever con- 
sidered in our furnaces in this category. 

The use of mechanized heat-treating 
furnaces, developed in connection with 
the American automotive industry, has 
been extended by American furnace 
builders to the European continent, and 
the types described in this handbook may 
be recognized readily by American fur- 
nace engineers. 

It is interesting to note that the neces- 
sity for accurate control of the heating of 
steel in its original ingot form is also 
recognized in Great Britain, and a sug- 
gestion that continuous car type tunnel 
kilns now being used may replace soaking 
pits will be of especial interest to Ameri- 
can steel plants. 

In conclusion, it is the opinion of this 
writer that the British Government is to 
be congratulated for its sponsorship of 
this inclusive and valuable handbook cn 
the subject of fuels, which subject has 
already assumed great importance in 
many less fortunate parts of the world 
and will undoubtedly grow rapidly more 
important in the remaining sections where 
nature happened to provide more abun- 
dant amounts of available fuel. 


M. H. MAWHINNEY 





Instrumentation 


PRINCIPLES OF INDUSTRIAL PROCESS 
CONTROL. By D. P. Eckman. Published 
by John Wiley & Sons, New York, 1945. 
Cloth, 54% by 84, 237 pages. Price 
$3.50. 


Control of temperature, pressure, rates 
of flow, etc. in manufacturing processes 
is accomplished first by measurement, 
finally, in mamy cases, by causing the 
measured changes to exert automatic, 
mechanical or electronic compensation for 
changes. 

Instruments are the means of control. 
However, this book pays no attention to 
individual instruments; instead, it analyzes 
what needs to be accomplished and sets 
forth the principles that an adequate in- 
strument must comply with. These prin- 
ciples are effectively illustrated by sche- 
matic line drawings. 

The careful reader should be able to 
analyze his own problems, determine the 
applicable principles and then modify 
existing equipment, to become, or order 
suitable new equipment that is, adequate 

Whether as a text book in engineering 
courses or for study by plant men con- 
cerned with process control and instru- 
mentation, this clearly written discussion 
of fundamentals will serve a good purpose. 


—H. W. GILLeTT 


Other New Books 


BratiocraPHy on Inpustriat RapioLocy, 1942-1945. 
By Herbert R. Isenburger. Published by St. John 
X-Ray Service, Inc., Long Island City, N. Y.., 
1945. Heavy paper looseleaf folder, 9 x ID in., 
13 pages. Price $1.00. This pamphlet will un 


doubtedly be well received by many of those 
interested in or working in this field It contains 
ver 400 references culled from many America! 
magazines and from some foreign publications It 
is published as an addenda to “Industrial Radi- 
ology,”” second edition, 1943, John Wiley & Sons, 
New » t rk 
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Metal Cutting Shears with Pivoted Blade 


The Heavy Machinery Div., Cleveland 
Crane & Engr. Co., Wickliffe, Ohio, an- 
nounces the introduction of a line of power- 
driven metal-cutting shears that employ a 
new pivoted-blade principle. Having no 
slides or guides, the upper blade operates 
on two heavy pivot pins secured to the 
end housing and travels in a circular path. 

The new line, known as “Cleveland Steel- 
weld Shears,” may be readily arranged for 
squaring, slitting, or set at any intermediate 
position for notching, and firmly locked. 
This feature is included on all machines 
with standard 24-in. deep throats, but is not 
furnished on the smallest size, where the 
throat depth is 18 in. 

A valuable feature is the ease with which 
the knife clearance can be varied to suit 
the thickness of plate being cut. Turning 
a hand crank located on the right end 





sing changes the gap between the knives. 
A large dial indicator indicates the clear- 
ance in thousandths of an in., and also 
shows the plate thickness that may be cut 
tor any knife setting. 

Both frame and blade are of all-welded 
steel, one-piece construction. Because the 
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knife adjustment is made by movement of 
the upper blade, there is no need of moving 
the bed, consequently, the beds on Steel- 
weld shears are welded integral with the 
frames. Likewise, the large crown is welded 
to both end housings. 

Other features include heavy spring- 
operated mechanical hold-downs which hold 
the plates firmly during shearing and auto- 
matically clamp thick plates with higher 
pressure than thin plates. An easy operating 
back gage mounted on ball bearings is pro- 
vided. The shear angle or rake is low, 
thereby minimizing end thrust on the plate 
and reducing twist, camber and bow in 
the cut pieces. 

Steelweld shears have been developed in 
various sizes for cutting plate of all thick- 
nesses from 12 gage to 1% in. and for 
lengths from 6 ft. to 16 ft. Speeds range 
from 60 strokes per min. on the smaller 
shears to 25 strokes per min. on the largest 
size. 


Noncorrosive Rust Remover 


A new rust remover has been developed 
by Nox-Rust Chemical Corp., Chicago. 
This new product is said to be particularly 
suited to problems of removing rust from 
precision bearings and machined surfaces 
without affecting critical dimensions. 

Laboratory tests on highly polished roller 
bearings weighed to one ten-thousandth of 
a gram accuracy showed weight losses of 
less than 1/20 of 1% even after 8 hr. of 
immersion. Ordinary rust removal takes 
only a matter of seconds, however, leaving 
no perceptible etching or discoloration of 
surfaces. 
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This new rust remover can be applied 
by usual methods, such as brush, spray, 
and dip, but its long life and rapid action 
in otherwise inaccessible crevices make dip- 
ping the most economic wherever practical. 
Other uses include rust removal from cast- 
ings, steel stock, fabricated parts, hand 
tools, periodically idle farm and process 
equipment, sporting goods from guns to 
golf clubs, and government surplus items 
exposed to weathering during storage. 


Electrodes for Hard-Facing 


One new and one improved shielded arc 
electrode, each of the type designed for 
specific hard-facing applications, is an- 
nounced by the Lincoln Electric Co., Cleve- 
land. 

“Abrasoweld AC,” designated as a hard- 
facing shielded arc electrode, is designed 
for building up straight carbon steel, low 
alloy steel or high manganese steel with a 
self-hardening deposit to resist severe abra- 
sion, battering and impact. Although spe- 
cially designed for operation on alternating 
current, it may be used for both the indus- 
trial type and small, mass-market type 
welding machines and direct current. 

Properties of weld metal of this new 
electrode are of the self-hardening type 
alloy which is semi-austenitic and abrasion 
resisting, and hardens very rapidly under 
conditions of impact and abrasion. Mod- 
erate peening will increase hardness as de- 
posited from 20 to 40 Rockwell C to over 
Rockwell 50 C. 

“Manganweld A,” suspended for the 
duration, has been improved and is now 


Continued on page 848 
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JOHNS-MANVIL 


In Insulations, too 


IT HAS TO BE RIGHT 


THE FIRST TIME 


... that’s why J-M 85% Magnesia is the 


When it comes to insulations, “nearly right’ is 
wrong! 

That’s why it pays to get J-M 85% Magnesia 

. most widely used of all industrial insulating 
materials for temperatures up to 600° F. Offering 
high insulating efficiency for years of service, 
J-M 85% Magnesia is light in weight. .. uniform 
in composition. Furnished in pipe covering form 
and in straight or curved blocks, it may be 
quickly applied to flat or rounded surfaces. 

And to get complete insulating efficiency, it’s 
good business in the selection of materials to 
rely on the professional judgment of Johns- 








Manville insulation engineers specialists 
whose knowledge and skills are backed by 88 
years of J-M experience and research. 


Remembering that insulation will only render 
its maximum efficiency when properly applied, 
Johns-Manvilie offers an application service 
of skilled construction units. These units are 
organized to handle every detail of your insula- 
tion requirements—from plans to finished job. 


You can get complete details, including an- 
swers to any specific questions you ij 





may have, from Johns-Manville, 22 
East 40th Street, New York 16, N, Y. 
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standard for industry! 
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Commercial heat treaters — men whose business is heat treat- 
ing — were quick to recognize and adopt high frequency 
induction heating as the fastest, most economical and most 
satisfactory method of heating for hardening. 

They saw, in minimized distortion and decarburization, mul- 
tiplied heating speed and possibilities for localized hardening, 
greater customer satisfaction and larger profits. 

And, because they know heat treating, they have selected 
Lepel High Frequency Induction Units three to one over other 
makes for their plants. 

They have learned from experience that — 

Lepel Units are the most versatile. They can be used for any 
industrial heating job without any conversion except a simple 
change of load coils. 

Lepel Units are most dependable. Their operating efficiency 


A Typical Installation of a Battery of Lepel Units 
at Eastern Heat Treating and Brazing Corp., 250 
West 54th St., New York 19, N. Y. (Note absence of 
dirt and confusion in the photograph.) 


é remains constant and the quality of work is uniform under all 
conditions. 
’ Lepel Units are most economical. Relatively low in first cost, 
Most Commercial Heat Treaters Have they operate at highest electrical efficiency at unity power 
L : . . factor. ; 

| epel Induction Heating Units Before you buy induction heating equipment — whether for 
lf you want to try Lepel Induction Heating or want heat treating, annealing, stress relieving, normalizing, soldering, 
; , brazing or melting (one Lepel Unit does them all) — compare 

t t , : ; : 
— en _ 0 ~~ el Lepel Spark-Gap Operated Units point by point with all others. 
volume of work to justify owning your own equip- Such comparison has made Lepel Induction Heating the 

ment, we'll gladly furnish the names of nearby 3 to 1 choice of men who know heat treating best. 


See how Lepel Induction Heating will improve your heat 
treating or metal joining operations and cut costs. Send samples 
do the work for you. which Lepel Engineers will pro- 
cess to your specifications and 
return with complete engineer- 
ing data and cost figures. No cost 
or obligation. 


Lepel-equipped commercial heat treaters who can 





Just Off The Press — Send for 
your free copy of the new 32 page 
Lepel catalog — the latest, most avu- 
thoritative work on induction heating. 


LEPEL HIGH FREQUENCY LABORATORIES, INC. 


39 WEST 60th STREET NEW YORK 23, N. Y. 
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It is Economical and Efficient to use 
Crucibles for Non-Ferrous Melting 
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Send for Crucible Meiters’ 
Handbook; mailed free. 











manufactured specially for reclaiming wor, 
austenitic manganese steel parts containin 
11 to 14% manganese. It is Particular] 
well suited for use with direct Callen 
machines, and may be used with both the 
industrial type alternating curren. and 
small, mass market type welding machine 

The weld deposit is air-toughening ;.. 
maining in austenitic state and retainin 
carbides in solution even during air Cooling 
The deposited metal has a resistance na 
abrasion and impact that is equal to hear. 
treated cast manganese steel. Weld meta| 
as deposited, has a hardness 5 to 10 Rock. 
well C and cold worked, a hardness of 45 
to 50 Rockwell C. 


@ The development of two new X-tay 
tubes for industrial radiography is ap. 
nounced by Machlett Laboratories, Inc. 
Springdale, Conn. One of the tubes elimi. 
nates undesirable extraneous radiation by 
means of an “electron trap” resulting in 
much clearer radiographs. Furthermore, 
the new design results in greater stability of 
operation and longer tube life. The other 
X-ray tube makes available radiation in. 
tensity of several million Roentgen units 
per min. 


Tweezer Spot Welding Machine 


For industries fabricating metal part: 
measuring 0.0005 in. to ¥@ in. round or 
thick the Tweezer-Weld Corp., Newark, 
N. J., has developed a tweezer spot welding 
machine. 

Heretofore the welding of tiny parts has 
been almost impossible because of the in- 
herent difficulty.in holding them in order 
to effect the weld. With the use of the 
tweezers, the electrodes may now be applied 
directly to the elements to be joined. The 
tweezers probe for the parts, hold and bend 
them, and weld. 

Because the voltage used is low, and the 
current flows through the welding tweezers 
at about 1/1000 of a sec., the tweezers may 





| be held in the hands with absolute safety 
| They will not heat up even after continuous 
usage. 

To weld parts from 0.015 in. through 
lg-in. round, the machine is used with an 
auxiliary booster unit which increases the 
capacity of the equipment by 300%. 


(Continued on page 852) 
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Filing 
Cabinets 
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Diffraction Film 


Iluminators Fivorescent 


INuminators 


verything for Industrial X-Ray 
The quality which distinguishes industrial x-ray accessories bearing 
the Picker trademark is augmented by the trustworthy service offered users 
through our branch offices and supply depots located in 


principal cities of U.S.A. and Canada. 


PICKER X-RAY CORPORATION, 300 Fourth Avenue, New York 10 


é 


Chiat x-ray accessories bear this mark PIGKER: 


ar oe We 
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Where you weed t.. TAT! 


Armour knows what it takes for your heat treating... knows that 
when you need ammonia you need it in a hurry! That’s why your 
orders are shipped promptly. What’s more, 65 conveniently-located 
stock points mean prompt delivery. Many customers receive their 
shipments of Armour’s Anhydrous Ammonia within 24 hours. 


Armour’s Anhydrous Ammonia is pure and dry with a Dew 
Point of —60°F. It’s widely used in Nitriding, Dry Cyaniding, 
Dissociation and other applications. Orders can be filled in either 
bottle or tube type olden: 


There’s no sacrifice in quality with this superior service. Armour 
tests every cylinder for purity. 


So remember: prompt delivery, eg dependability and tech- 
nical advice are as near as your phone. Call Armour today. 


ARMOUR AMMONIA WORKS 


"Headquarters for Ammonia Service” 


A Division of Armour and Company 1355 WEST 31st STREET, CHICAGO 9, ILLINOIS 
120 BROADWAY, NEW YORK 5, NEW YORK 
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order to weld some types of heavy Ba 
metal where more pressure is required the 
tweezers may be removed and the machine 
may be connected to a drill press o; hand 
arbor. 

Copper or copper alloy rods may be ba 
serted as electrodes with only the bottom 
electrode insulated. The machine is the, 
operated in the prescribed manner and Mote 
varied production is achieved. 


@ A new line of hand-forged deburring 
tools, which features seven distinct types 
is available from Metals Products Co., South 
Bend, Ind. The types, each in varying 
sizes, include a channel knife type, 45. 
and 90-degree angle hooks, as well 4; 
radius-curved ends, a straight scraping tool, 
and a “button hook” shaped deburrer. The 
complete line is made of fine tool steel. 
unimpeded operating shafts from 414 jp. 
to 9 in. in length, hollow-ground, hardened, 
and specially tempered. These deburring 
tools are suitable for nonferrous, hard metal 
work, or plastics. 


Automatic Pusher-Tray Furnace 


A mew pusher-tray furnace has been 
built by W. S. Rockwell Co.. Fairheld. 
Conn., for heat treating large cast steel truck 
rear axle housings. This furnace was ce 
signed to heat the castings to 1650 F, hol 
them at that temperature for 1 hr. and the 
discharge them on an individual tray 
enable them to cool uniformly in still ai: 
Thus, every 12 min. one tray containing its 
load enters the heating zone of the furnace 
and one casting is discharged, the total 
normalizing time being 48 min. in the 
heating zone, and 60 min. in the holding 
zone. 

The heating chamber of the furnace is 
approximately 15 ft. long by 6 ft. 5 
wide. It is arranged with heating and hold 
ing zones, the higher zone being at charg 
ing end. A series of proportioning mixer 
type burners, utilizing natural gas, fires 
from both sides of the furnace above and 
below the work line, providing fine heat 
distribution and eliminating any areas of 
high heat density. The heat imput for each 
zone is automatically controlled by sepa- 
rate recording potentiometer pyrometers. 

An interesting feature of the operation 
is the manner in which the work cycle is 
progressed automatically. This is accom- 
plished by a system that coordinates a time 
clock with the complete actuating mechan- 
ism to raise furnace doors, discharge heated 
work, push in new charge and lower doors 
in accordance with a predetermined operat- 
ing program. 

The castings for which this furnace was 
designed are 64 in. to 66 in. long, each 
weighing approximately 350 lb. The furn- 
ace is also used for normalizing on trays 
miscellaneous steel and alloy steel castings 
such as pump bodies, valve bodies, © 
ders, agricultural machinery parts, et 
all sizes and shapes in progressive m 
ment through the furnace with the same 
controlled heating quality. 





(More News on page 856) 
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Investigate FCC Cast 
to Shape Air Hardening 
Steel Cams 
For These Machines: 


Bookbinding, Boot and Shoe, 
Bottling, Box Making, Break- 
ing and Crushing, Brick and 
Tile, Can Making, Candy, Can- 
ning, Carpet W eaving, Cigarette 
and Cigar, Creamery and Dairy, 
Dredging and Excavating, Elec- 
trical, Envelope, Farm, Hoist- 
ing, Knitting, Laundry, Mining, 
Packaging, Paper Mill, Print- 
ing, Rubber Working, Rug 
Weaving, Screw, Textile, Vend- 
ing, Washing, Woodworking, 
Wrapping. 
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T WILL pay you to look into this 
I method if you build or operate 
machines that use cams. Cast to 
shape from FCC Air Hardening 
Steel, your cams reach you with only 
an eighth-inch to be machined off, 
even from very intricate shapes. Of 
course this means big savings of 
time and material. 

FCC Air Hardening Steel has 
great resistance to abrasion and 
an extremely high compressive 
strength. It machines readily and 
is easy to harden in air with un- 
usual freedom from distortion and 
cracking. Cams made from it give 
remarkably long wear. 


Full information is available in 
a new booklet. Write for your copy 
or send your specifications for esti- 


mates today. Prompt delivery. 


ADDRESS DEPT. MA-39 





ALLEGHENY 
LUDLUM 


STEEL CORPORATION 


Forging and Casting Division 
Detroit 20, Michigan 
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This 
LIGHTWEIGHT INSULATING BRICK 


does *‘T)ouble Duty”’ 


in Furnace Walls 





CONVENIENT 13% x 9” SIZE—EASY TO HANDLE 
REDUCES WALL JOINTS 65% 


Protects furnace steelwork and plating from ex- 
cessive heat with a strong resilient cushion which 


absorbs expansion stresses. 


KEEPS HEAT INSIDE FURNACE WALLS 


Excellent insulation, — a 4!/2 inch thickness being 
equivalent in heat flow resistance to more than 


29 inches of fire brick. 
Find out how quickly THERM-O-FLAKE Brick 


will pay back theip.cost in reduced furnace heat 
losses. For specific data, indicate type of furnace 


and approx. operating temperatures in writing to: 


Therm-Oflake prick 


FOR HOT FACE TEMPERATURES UP TO 2000° F. 
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Three Layer Abrasive Discs 


A new type of abrasive disc fo; Metal 
finishing is announced by the New Yor: 
Grinding Wheel Corp., 623 Bergen § 
Brooklyn, N. Y. Instead of the conventio, 
al form of a single layer of abrasive 
particles on cloth or paper, three layers 














DOUBLE SIDED 





“PEKAY” FLEX- DISC 





“Pinay - TRADE MARK RECGTER: 


of materials—a bonded cutting layer, ; 
cloth layer, and a fiber disc—are cured and 
bonded together to produce an abrasive 
disc with greater tensile strength, and aug. 
mented durability. 

The discs are available with grits on both 
sides for grinding slots and grooves. Where 
sanding units are not portable but st- 
tionary, discs can be produced with a plain 
cloth back for cementing on stationary 
sanders. 

These new type discs are also available 
with the leading edge elevated, so that a 
thicker layer of cutting material is supplied 
at the point of maximum wear. 


New Arc Welding Electrodes 


The Metal & Thermit Corp., New York, 
announces a new line of heavy-coated alumi- 
num bronze and phosphor bronze electrodes 
and two new groups of high tensile arc 
welding electrodes. Developed to meet the 
requirements of fabricators of power plant 
piping and equipment, but applicable to a 
variety of welding applications involving 
high tensile steels, the two new high tensile 
electrodes provide a wide range of well 
balanced mechanical properties and make it 
possible to select weld metal very closely 
matching many high strength steels in ten- 
sile strength and ductility. In addition, the 
all-position feature and the two types of 
coating provide versatility to meet a variety 
of working conditions. 

The new types of aluminum bronze and 
phosphor bronze electrodes including thet 
uses are listed below: 

Type AB 12, a general purpose electrode 
well suited to the arc welding of mant- 


Continued on page 860 
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VRreryd INSURES mects! 


It is no accident that Mallory alloys are noted 
for their uniformly high electrical conductivity 
and high strength. To insure this uniformity, 
Mallory engineers specify the incorporation of 
Lithium in their proprietary copper base alloys. 

This is sound insurance, because Lithium 
treated melts of copper, tin bronze and silicon 
bronze consistently yield castings more uniformly 
free from porosity and gas cavities, with non- 


and 
sive 











ue: metallic impurities effectively removed, and with 

-m optimum physical properties... at a small fraec- 

ere tion of the cost of one reject. 

sta- You might naturally expect a treatment so 

ain effective and economical to require a new and 

ary special technique. Actually, it is simple. Lithium 
treatment requires no special equipment, no 

ble special training, no departure from conven- 

+ tional foundry practice. Shortly before pouring, 
Lithium metal is stirred into the melt in the form 
of a stable master alloy containing a small per- 
centage of Lithium combined with other metals 
to match the melt. 

To help you investigate the advantages of 

Lithium treatment, we offer the services of our 
technical staff, with more than fifteen years’ 

mn experience in finding the best practical answers 

= to casting problems. Lithaloys Corporation, 444 

Jes Madison Avenue, New York 22, N. Y. 

arc 

Recognized Authority on LITHIUM 

>a 

ing 

- The addition of Lithium makes it easier for 

it P. R. Mallory & Co., Inc. to meet its high 

ely conductivity requirements in these spot weld- 

en- ing tips, seam welding wheels, and projec- 

the tion, flash and butt-welding dies. Mallory ITHALOYS 

of engineers also use Lithium for thin and com- cet 8, oath Onn 

ety plicated castings of Mallory 3, because it 

ad improves the fluidity and prevents mis-runs. 
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Investigate the results you can expect from 
Hoffman coolant refrigeration, and you'll 
make this project a vital part of your 
reconversion picture. Hoffman filtration puts 
precision finishing on a volume basis, and 
lengthens the life of machines, cutting tools 
and grinding wheels. You can usually have 
these benefits at no extra 
cost because savings in 
maintenance and coolant pay 
out the cost of the filters in 
a remarkably short time. 


x SEND FOR LITERATURE 
U.S. HOFFMAN (33: 


QOOLANT FILTERS + FILTRATION ENGINEERING SERVI 














ganese bronze castings and brass sheets 
well as to “arc brazing” of dissimila; mia. 
such as steel to cast iron, cast iron C 
bronze or copper and steel, and iron, : 
or brass to nickel alloys. 

Type AB 16, for repair or fabrication 
overlays on bearing surfaces subject to Shock 
or impact. 

Type AB 20, for repair, maintenance or 
fabrication overlays on machine parts sy}, 
ject to unusually severe service, such as 
building up worn heavy duty gears anq 
repairing broken teeth. The deposit is also 
highly acid resistant. 

Type AB 25, for overlay applications in 
building up bushings, bearings and slides 
operating against hardened steel which mus, 
stand up against heavy pressures and ex. 
treme wear. 

Type AB 30, for overlaying dies fo, 
forming and drawing operations on carbon 
and stainless steels where freedom from 
scratching and galling of work is required. 

Type PB 57, a phosphor bronze elec. 
trode, for high speed, high quality welding 
of bronzes, brasses, copper steel and both 
cast and malleable iron. 


br Onze 


@ A 24-in. disc grinder, adaptable to all 
kinds of grinding on metal, wood or plastics 
is available from the Kémndt-Collins Co., 
12651 Elmwood Ave., Cleveland 11. Spe. 
cial features of the machine include a 
heavily ribbed, normalized and machined 
table; table tilt, 45 deg. down and 25 deg. 
up by worm and gear drive; both faces of 
grinding disc can be used; circular and core 
print fixture has a capacity of 22 in. in 
diam. and is wedge-shaped with 10 deg. 
angle. The disc will accommodate both 
flexible back cloth and paper back abrasives. 


A Utility Broaching Machine 


To fill the need for broaching equipment 
for large work which will eliminate the 
necessity of special work holding fixtures, 
the Colonial Broach Co., Detroit 13, has 
developed a ‘“‘Flat-top” utility pull-down 
broaching machine. 

The machine, not intended for high pro- 
duction broaching, is designed with the 
platen horizontal, so that large, bulky parts 
can be slid onto the table and manually 
positioned without any other support. Thus, 
setting up for the broaching of one or 
several holes in a part, broaching of key- 
ways, etc., becomes a simple matter. 

To broach a part on this machine the 
broach is inserted in the hole to engage 
the broach puller. The broach is pulled 
down through the work by an hydraulic 
pull-mechanism. When the machine stops 
the part is moved aside and the machine 
then returns the broach to loading position, 
permitting its removal. 

All operating mechanisms are concealed 
within the base. Provision is made fot 
chip disposal through an opening in one 
side of the base. The machine is of 4-ton 
capacity with 30-in. stroke. It requires a 
floor area of only 42 by 65 in. The table 
measures all of 24 by 60 in., and its flat 
surface is just 48 in. above the floor. 


(More News on page 864) 
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WHAT Damascus MEANT TO ANCIENT WARRIORS... 





When the Roman legions went into battle, the most prized weapons were 
those from the forges of Damascus ... and the Legionaries called for these 
fine quality swords by name... Damascus, 








Since 1878, the facilities of Granite City—large enough to permit the use of 
the most modern methods and small enough to insure finest quality—have 
made quality steel a product to be called for by name—Granite City. 


Granite City Steel Co. 


ILLINOIS 


Milwaukee « Memphis + Minn- 
GRANITE CITY STEEL eapolis + Moline « New York 
St. Louis 





GRANITE CITY, 


Chicago « Cleveland « Houston 
Indianapolis + Kansas City 
Los Angeles 


MOT ROLLED SHEETS - COLD ROLLED SMEETS - STRIPLATES - STAINLESS-CLAD « TIN PLATE + TERNE PLATE « ELECTRICAL SHEETS » TIN MILL PRODUCTS - PORCELAIN ENAMELING SHEETS 
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“AVAILABLE FOR PLATING ROOMS, 
CHEMICAL WORKS, STEEL MILLS, VIS 
COSE AND TEXTILE PLANTS 





This particular exhibit is doing a first 
class job in a plating room, where it 


meets up daily with acids, alkalis, plat-. 


ing solutions, oils, solvents and other 
“rough-on-floors" elements. 


It's also a heavyweight champ in taking punishment, for it withstands severe abrasion, 
heavy trucking and impacts which would quickly exhaust a floor less rugged. In addition, 
it has non-skid qualities — important to men working on a wet floor. 


READ THIS RESUME OF 
ATLAS ADVANTAGES 


1. Recommended Atlas Materials are INERT 
—not merely resistant—to acids, alkalis, 
steam, boiling water, solvents, oils and 
fats, etc. 

2. IMPERVIOUS—may be safely used on 
upper floors without fear of leakage or 
damage to building foundations or equip- 
ment. 

3. STRONG—withstand extraordinary abra- 
sion, heavy trucking and severe mechani- 
cal shock. 

4. Have EXCELLENT NON-SKID QUALITIES 
—a factor in accident reduction. 





MERTZTOWN 
*ATLANTA 3, Ga. 
*CHICAGO 1, III., 333 No. Michigan Ave. 
*DALLAS 5, Tex., 3921 Purdue St. 
*DETROIT 2, Mich., 2970 W. Grand Blvd. 





*KANSAS CITY 2, Kan., 1913 Tavromee Ave. 


, 161 Spring St., N. W. 


This floor is ATLAS designed and built 
of ATLAS materials. It is one of many 
delivering satisfactory service in plating 
rooms, chemical works, steel mills and 
viscose and textile mills. 


Use ATLAS Materials also in constructing 
related tanks for neutralizing acid wastes 
and chemicals processing equipment, 
manholes, sewers, exhaust stacks — in every 
type of construction that must be proof 


against corrosives, etc., and their fumes. 


Contact a technically qualified ATLAS 
representative at the nearest address 
listed. Write our Mertztown Office for 


Technical Bulletin No. TV-8A, 


PRODUCTS COMPANY OF PENNA. 





PENNSYLVANIA 


NEW YORK 16, N. Y., 280 Madison Ave. 
PITTSBURGH 10, Pa., 4656 Old Boston Rd. 
SPRINGFIELD, Pa., 355 Fairview Rd. 

ST. LOUIS 8, Mo., 4485 Olive St. 





THE ATLAS MINERAL PRODUCTS COMPANY OF CALIFORNIA, Redwood City, California 


*DENVER 2, Colo., 1921 Blake St. 
*HONOLULU 2, Hawaii, U.S.A. 


*LOS ANGELES 12, Calif., 817 Yale St. 


S64 


*SEATTLE 4, Wash., Rensselaer Valve Cc., 
1252 First Avenue, S. 


*Stocks carried at these points. 














Broken Drill and Tap Remover 


A new and improved type of metal dis. 
integrator which rapidly and safely removes 
broken taps and drills from work in Prog. 
ress, thus saving the piece, is announced } by 
the Drafto Corp., Cochranton, Pa. 

Known as the “Model 3 Drafto Metal 
Disintegrator,” the new machine works on 


the electrical “sputtering” principle and will 
remove broken drills or taps from work 
without injuring the metal of the work- 
piece. It is twice as fast as former models, 
and can bore through hardened high-speed 
steel at the rate of about 1/16th in. per 
min. 

The new machine is not only a tap re- 
mover, but can be used as a drill. It will 
drill holes of practically any shape through 
hard metallic materials such as tungsten 
carbide and Stellite. 


X-Ray Scanner 


An X-ray scanner designed to overcome 
distortion and displacement that is present 
in all conventional methods of X-ray image 
recording has been introduced by North 
American Philips Co., Inc., 100 E. 42nd 
St., New York. X-rays cannot be focussed 
(as with light) to give a parallel beam. 
Emitted by the tube’s anode, the rays di- 
verge to produce imaccuracies of greater 
or lesser degree, depending on the relation- 
ship of the particular film area to the X-ray 
source. 

The scanner unit consists of a motor- 
driven table on which the specimen and 
film move beneath an adjustable slit 
through which the X-rays pass. The scanner 
precisely records the geometric relationship 
of integrated components afid spacings of 
segmented specimens. 

The scanner is especially useful in the 
manufacture of vacuum tubes, capacitors, 
switches, breakers, timing devices, storag« 
batteries, or any precision assembly where 
space measurements are desirable after parts 
are integrated. 

When fine grain X-ray film is used, er 
largements may be made for more accurat 
determination of element position and con 
dition. This can serve to check component 


(Continued on page 868) 
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That's versatility for you—in 
a Surface Combustion Standard Rated Oven 
Furnace. With Conjecto firing this Large Oven 
has a wide temperature range from 600 to 
1800° F. that will fit into your present and 
postwar heat treating requirements whether 
it is for annealing, bluing, carburizing, draw- 
ing, hardening or normalizing. 


Ask for descriptive literature on ‘Surface’ 
Standard Rated Large Oven furnaces. 


‘SURFACE’ CONJECTO FIRING 


.». is accomplished by the use of twin nozzle burners, one 
nozzle located vertically above the other, with two or more sets 
of burners incorporated in a single casting. The lower nozzles 
are manifolded to one inspirator and the upper nozzles to 
another. For temperatures under 1000° F., one set operates 
with usual correct air-gas ratio and the other set with gas 
valve closed and air valve open to provide additional circula- 
tion of hot gases and more uniform heating. 








For temperatures above 1000° F.—both sets operate in SURFAGE COMBUSTION CORPORATION TOLEDO 1, OHIO 


vsval manner with proper air-gas ratio. 


STANDARD AND SPECIAL INDUSTRIAL FURNACE EQUIPMENT FOR: 


Forging, Normalizing, Annealing, Hardening, Drawing (Direct-fired and Con- 
vection), Carburizing, Nitriding and Heating. Special Atmosphere Generators. 


Write for bulletins. 
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Settler cleaning of 
metal Larts. tru 





MECHANIZED HANDLING 





- your plans covering the pro- 
duction or maintenance cleaning of 
metal parts, a new complete line of 
OPTIMUS EQUIPMENT units offer 
your plant operating men a number 
of outstanding advantages. 


These new OPTIMUS machines en- 
able the combining of operations in 
one nearby sequence, they assist you 
in obtaining the best control of qual- 
ity in your metal cleaning and allied 
process operations. ‘‘Rejects’’ can be 
lowered, bottlenecks eliminated, 
production speeded up, with their 
use. 


If you are crowded for space, if you 


need to cut labor costs, eliminate 
needless “toting’’ of your metal 
parts — an OPTIMUS Plan for the 
mechanized handling of your metal 
parts through washing, rinsing and 
drying, can help you. 


SEND FOR 
NEW ILLUSTRATED BULLETIN 


An illustrated bulletin describing these new 
OPTIMUS Machines for metal parts cleaning 
is now in preparation, and will be sent to 
manufacturers interested in better handling of 
their parts cleaning operations. If you would 
like to receive a copy of the bulletin when it 
is ready, simply fill out and mail the coupon 
today. 


OPTIMUS EQUIPMENT COMPANY 


ENGINEERS AND MANUFACTURERS 


STANDARD AND SPECIAL TYPES OF EQUIPMENT 
FROM THE SMALLEST TO THE LARGEST SiZES 
OPERATIONS 


267 CHURCH STREET, MATAWAN, N. J. 





After Finishing”. 


Company Address........ 


rococo ee 





OPTIMUS EQUIPMENT COMPANY, ...... Church Street, Matawan, N. J. 
Please send me a copy of your new Bulletin “Cleaning Metal Parts Before and 


ED ATO sence oocung cubiniatianandetaaemned 


FOR A WIDE VARIETY OF 
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changes after certain periods of servic. 
The scanner may also be applied to deter, 
mine accurately the unknown thickness 4 
material and to study intergranular struc. 
ture of metals and plastics. 


@ A treatment to produce from plaster, 
such as plaster of Paris a new produc 
which is harder than marble and as strong 
as stone has been developed by Engineering 
Associates, St. Charles, Ill. The new mate. 
rial, known as “Palestic,” is being cop. 
sidered for a number of industrial products 
including drawing forms, patterns, instru. 
ment bases and containers. The process for 
making ‘‘Palestic” involves no special equip- 
ment. It is tem times more resistant than 
plaster to penetration by water, and can be 
sanded, sawn, polished and _ generally 
handled like a plastic. 


Die Casting Machines 
for Heavy Castings 


Two new die casting machines for the 
production of large, heavy castings are now 
offered by Lester-Phoenix, Inc., of Cleve- 
land. One of the machines is designed for 
zinc, tin and lead alloys, and the other for 
aluminum, brass and magnesium. 

Common to both machines is the ma- 
chine frame, which is a one-piece steel 
casting that achieves a high degree of 
rigidity. Weaving, wear and stress, which 
occur at the joints of a fitted frame, or at 
the juncture of tie bars and die plates in 
a bar-type frame, are completely eliminated. 
The locking pressure possible within this 
frame is rated at 600 tons. 

The central die support in both machines 
has been increased in size, and the movable 
die plate has bearing on all four corners, 
eliminating possibility of deflection as the 
die is closed. Die height is accomplished 
by means of a single hand crank through 
worm and worm wheel rotation of the large 
adjusting screw. 

The aluminum machine is equipped with 
a patented pre-fill injection system, which 
injects metal rapidly at controlled speed 
and then applies the greatest pressure to the 
metal as it chills in the die, squeezing out 
shrinkage voids and trapped air and gases 
to eliminate porosity in the finished cast- 
ings. 

This equipment develops injection pres- 
sure of 33,000 psi., applied to castings up 
to 40 in. in projected area. Higher pres- 
sures per sq. in. naturally can be applied 
to smaller castings. Aluminum castings up 
to 14 Ib. each can be made on this ma- 
chine. 

The hot metal injection system of she 
zinc machine has a one-piece cylinder and 
gooseneck of heat and corfosion resistant 
alloy semi-steel casting, with a high-speed 
cylinder liner and plunger. Furnace and 
pot are round, with tangential flames fo! 
faster, more uniform heating. Injection 
pressure is held upon the metal as it chills 
in the die. Zinc castings up to 19 Ib. each 
can be made on this machine. 


(More News on page 872) 
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FOR UTILITY 


FOR BEAUTY 


Depend on 


ALLOYS 
to fit your most 
Exacting Needs 


After thousands of years of 
expanding service and lasting 
ornament, brass and other 
copper-base alloys still are 
among man’s most versatile 
materials. New ways to use 
them are being found con- 
stantly. 


If you are planning some of 
the utterly new products or 
redesigning long-absent things 
that consumers await eagerly, 
perhaps brass can make them 
serve better or appear more 
inviting. We can supply you 
with brass or other copper- 
base alloys exactly as you 
specify—sheets, rolls, strips, 
coils or stampings. . . in tem- 
per, dimensions, ductility or 
rigidity to suit your precise 
requirements. 

Western alloys are used ex- 
tensively in manufacturing 
motor cars, aircraft, railroads 
and electronic equipment, 
watches, clocks, refrigerators, 
electrical appliances, business 
machines, sporting goods, 
household equipment and 
many other products. 


BRASS 


WESTERN BRASS MILLS 
Last ALTON QumOn, OLA 





DIVISION OF OLIN INDUSTRIES, INC. 


East Alton, Illinois 
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BRONZE e PHOSPHOR BRONZE asad BRASS « NICKEL SILVER « COPPER 
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GEORGE J. HAGAN COMPANY 


PITTSBURGH, PA. 


LOS ANGELES SAN FRANCISCO 














Photographic Reproduction Process 


A new process by which metal, wood 
cloth, leather, plastics or almost any othe, 
surface can be made usable for photographic 
reproduction has been developed by the 
Glenn L. Martin Co., Baltimore. . 

Basis of the new process is an emulsion 
which can be spread on many kinds of 





materials, sensitizing them for photographic 
print use. In its normal state the emulsion 
is a thin jelly-like substance which, when 
heated to a temperature of 125 degrees, 
becomes a liquid which may be applied to 
the desired surface with a camel's hair 
brush, a soft sponge or a soft rag. Allowed 
to dry, the negative is then printed on the 
sensitized surface and development pro- 
ceeds normally as if it were a commercial 
paper. 

All operations are carried out under dark- 
room conditions, using ruby lights. The 
emulsion may be heated any number of 
times without effecting its efficiency or 
printing qualities. 

In industry the process will have its uses 
in the reproduction of drawings for manv- 
factured products or machinery. Such draw- 
ings can be either to full scale for ease in 
reading and checking during manufactur- 
ing process, or can be reduced if prints to 
carry are desired. Proportions remain, of 
course, exact and the need for redrawing to 
a different size, with possibility of error, 
is eliminated. 


Electric Furnace for 
Hardening High-Speed Tool Steels 


A new high-speed steel hardening elec- 
tric furnace to be added to their line of 
Model “Y” furnaces is announced by the 
Sentry Co., Foxboro, Mass. The new model, 
to be known as “Size #5,” has a muffle 
chamber 7 in. high, 87% in. wide and 20 in. 
deep, and will handle high-speed steel 
tools up to 5 in. by 7 in. by 14 in. 

Several design innovations are incorpo- 
rated in this new furnace. Heating elements 
are located front to rear alongside the fe- 
movable muffle chamber. Heating element 
terminals are the same air-cooled type as 
used on other Model “Y” furnaces. 

The furnace heating chamber is designed 
to reflect heat toward the muffle chamber 
opening to offset the tendency to cool at 
this point. Terminals and electrical con 
nections are shielded and protected by re 
movable metal guards. 


(More News on page 876) 
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Are You Up-to-date on 
STAINLESS STEELS ? 


Do you know how more and more 
manufacturers are using Timken Stainless 
Steels for product improvement? 


Do you know about the simple new tech- 
niques for machining, forging and heat- 
treating these steels to your own require- 
ments in your own plant? 


1946 


Are you familiar with the outstanding prop- 
erties of the new stainless steels developed 
by The Timken Roller Bearing Company; 
16-25-6 which made possible the American 
jet propulsion engine? And 16-13-3P And 
many others P 


If you must answer “no” to any of these 
questions, you should have our new series 
of Stainless Steel Data Books. They con- 
tain many facts which will be helpful to 
you—all based upon our long years of ex- 
perience as a major producer of the finest 
stainless bars and tubes. Their viewpoint 
therefore is extremely practical. 


We will gladly send these booklets with- 
out cost to interested manufacturers who 
request them on their own letterhead. Ask 
for Stainless Steel Data Booklets No. 32, 
33, 34 and 35. Address Steel and Tube 
Division, The Timken Roller Bearing 
Company, Canton 6, Ohio. 


EXPERIENCE AND RESEARCH 


SPECIALISTS in hot rolled and cold finished Alloy Steel Bars for 
forging and machining applications, as well as a complete range of Stain- 
less, Graphitic, and Staudard Tool Steel analyses. Also Alloy and Stain- 
less Steel Seamless Tubing for mechanical and pressure tube applications. 
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luminum alloy iron-core induction melting furnaces, the 

A first of this kind capable of continuous operation, 

have been developed at Ajax’s Experimental Foundry 

(see photo upper right). Simplified cleaning methods and 

improved design of melting channels have resulted in in- 
creased lining life and reduced maintenance cost. 


ob of melting 300 pounds per hour requires 60 kw. unit 
J (see photo above) occupying about 4’ x 4 x 4’ space, 

requiring no foundations and provided with a self- 
contained internally wired control cubicle, including poten- 
tiometer type temperature controller. Operating cost from 
40 to 70 cents per hour, with maintenance items almost 
negligible. 


nother unit of 20 kw. capacity is finding wide acceptance 

as holding furnace in die casting and permanent mold 

work. Space required is about 3’ x 3’ x 3’, no founda- 

tions, self-contained control cubicle. Operating cost from 8 
to 12 cents per hour. Metal charge of crucible is 300 pounds. 


-ray investigation carried out on metal processed in 
Ajax induction furnace proves that accurate (free of 
time lag) temperature control, typical of these fur- 

naces, allows casting consistently at lowest and most adequate 
temperatures necessary for sound castings, all of which 
results in considerable reduction of rejects. 


AJAX ENGINEERING CORPORATION 
TRENTON 10, N. J. 


Photograph cour. 


tesy of Tomke 


Aluminum Co., 


Balt., Md. 








@ A new lathe file that the mak 
will cut steels no ordinary file w)|| touch 
is announced by Kennametal, Inc. Latrobe 
Pa. It cuts three to ten times faster thar 
ordinary files, with a life 50 to 20) times 
as long. The blanks have brazed-on ny. 
and are attached to the aluminy alloy 
handles by screws. 


er Says 





Plants and Slants 


An agreement on the part of the union 
to increase production 15% was a feature 
of a new labor-management contract at the 
Eclipse-Pioneer Div., Bendix Aviation 
Corp., Teterboro, N. J. A 12-cent per hr. 
general wage increase and a no-strike 
pledge were other provisions. 


The Reynolds Metals Co. will on April 
1 give pay increases to all salaried em. 
ployees earning $5,000 a year or less on an 
equal basis with those recently given pro- 
duction workers as of that date. As the 
management expresses it, “We don’t want 
the salaried people to be just another ‘for. 
gotten man’.” 


Milling and processing facilities of the 
Foote Mineral Co. are being centralized in 
30 acres at the Exton, Pa. plant where a 
new mill building and large new ware. 
house are being erected. Ores and minerals 
from all over the world will be processed 
at this plant. Offices have been moved t 
the entire fifth floor of the Germantown 
Trust Co. Bldg. 10 E. Chelten Ave., 
Philadelphia 44. 


The International Nickel Co., Inc., has 
opened the Twin Cities technical section of 
its Development and Research Div. in the 
Northwestern Bank Bldg., 620 Marquette 
Ave., Minneapolis. It is in charge of J. C 
Neemes, Jr., metallurgist. 


The Dampney Co. of America, Hyde 
Park, Boston 36, has acquired the Thurma- 
lox Co., Doylestown, Pa., maker of black 
and aluminum preparations for coating hot 
dry surfaces up to 1600 and 1200 F, re- 
spectively—and other coatings. 


A group of experienced steel men has 
bought the Crum Lynn Foundry, Chester, 
Pa., built by the R.F.C. The new company, 
the Chester Electric Steel Co., will special- 
ize in carbon alloy and stainless steel cast- 
ings. It is headed by Fred Grotts, president 
of Fort Pitt Steel Casting Co. since 1939 


The name of the Abrasive Co. of Phila- 
delphia has been changed to Simonds Abra- 
sive Co. The original company was 
founded in 1892 and has made grinding 
wheels, etc. In 1927 it was bought by 
Simonds Saw & Steel Co. 


The Precision Welder & Machine Co 
has purchased a building at 138 E. Mc- 
Micken Ave., Cincinnati 10, containing 
25,000 sq. ft. of space. 
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American Steel & Wire Co. will spend 
$1,000,000 to modernize and increase pro- 








AJAX eM !NDUCTION MELTING FURNACE 


TAMA-WYATT —— 
Associate Companies: AJAX METAL COMPANY, Non Ferrous ingot Metals and Alloys for Foundry Use 
AJAX ELECTROTHMERMIC CORP. Aja: Northrup High Frequency lnduction Furnaces 
AJAX ELECTRIC CO., INC., The Aar-Hultgren Electric Sot Bath Forme 
AJAX ELECTRIC FURNACE CORP., Ajax Wyatt Induction Furnaces for Melting 
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if you've thought of Superfinish as a lavishment, then 
rerhaps it’s time to look into it a little further. You'll find 

























ril : : 
7 ough evidence to change your notions—and perhaps 
- jive you @ new competitive advantage in the form of 
0- 4 
the Jower costs. 
ant 
or- No matter how fine a ground surface may appear to 
the eve, it has defects ... scratches and ridges produced 
the ; ‘ , 
in by the point of the turning tool ... larger defects such as 
a srinder feed spirals and chatter marks. . . partially 
ire- 5 
als loosened splinters of metal ready to come off on contact 
sec 
. with another surface . . . soft surface metal, annealed by 
- the heat of the grinding wheel. In practically every case, 
e., 
fragmented metal will be torn from the mating surfaces 
nas i) mix with lubricants, causing abrasive wear and creat- 
of 
he ing 2 larger amount of clearance. 
. This photomicrograph (25 x magnification) shows a ground 
tte “Let : : , : ted or nee ot be oteail 
( Superfinishing prevents this by removing both grit surface with the familiar scratches and ridges caused by — 
\ ies i direction stock removal. Surface roughness is 35 micro-inches 
scratches and longer pitch defects due to minute machine (Profilometer reading). 
4 wol inaccuracies. It provides the surface smoothness to 
la- 
d maintain a uniform oil film—to reduce wear—to elimi- 
” nate bearing trouble and lengthen bearing life. 
Superfinishing is a quick and inexpensive process. And 
las : . 
“f in Many Cases it can reduce present manufacturing costs 
. by eliminating other more costly processes. This is a 
a. ~ 
st- good time to get complete information about Superfinish- 
nt a 
9 mg. Write us. 






CISHOLT MACHINE COMPANY 


155 East Washington Avenue . Madison 3, Wisconsin 












Look ahead 


keep ahead 





: " The same piece, 30% Superfinished to 15 micro-inches. Note 
with Gisholt bow ridges have been reduced. A completely Superfinished 
surface of 2 to 3 micro-inches will leave no defects to penetrate 

she oil film or abrade the mating surfaces. 
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CHARLES ENGELHARD, INCORPORATED 


830 








ENGELHARD 


INDICATING PYROMETERS 


Despite severe operating conditions, the Engelhard Switch- 
board model (above) responds with delicate sensitiveness 
to variations of 55/1,000,000 of one volt in order to show 
temperature changes of 10° F! Accuracy is assured by a 
high resistance per millivolt that is unaffected by the 
length of connecting leads or by thermocouples of different 
resistances. In addition, a sturdy case and heavy inner 
construction provide permanent efficiency for unusually 
difficult services. 


Readings by direct deflection are made simply and 
instantaneously in either millivolts or temperatures. This 
model can be calibrated with two ranges for one type of 
thermocouple, or for two types of thermocouples in any 
combination desired. It is provided with a zero adjustment 
device to allow setting for ambient temperature variations. 


Write for our complete bulletin today! 


90 CHESTNUT ST., NEWARK, NEW JERSEY 

















duction of stainless steel wire at the Wa 

kegan, Ill., works. The project io, 
facilities for a completely integrated aay 
drawing and processing, from hot called 
rod to the finished product. 


The Tinius Olsen Testing Machine c, 
Philadelphia, celebrated its 100th . ‘ 
sary on Dec. 7, 1945. 


iNNiver. 


Federated Metals Div., American Smelt. 
ing & Refining Co., has opened 4 new 
$100,000 physical testing laboratory at the 
company’s Whiting, Ind., plant under the 
supervision of Don Graves. 


A new mechanical research laboratory 
for Air Reduction Sales Co. and subsidiary 
companies is being constructed at New 
Providence (near Summit), N. J., for de. 
velopment of processes and apparatus for 
using industrial gases and the electric are, 
particularly in the cutting, welding and 
treating of metals. The buildings are of 
the latest ultra-modern functional design, 


A new engineering organization, the 
Central States Engineering Corp., has been 
formed at 4612 Woodward Ave., Detroit 1. 
It will help manufacturers with the de. 
signing of tools, jigs, dies, fixtures, gages 
and special machinery. E. M. Beyma js 
president and general manager. 


The Barium Steel Corp., Canton, Ohio. 
has acquired control of Globe Forge, Inc. 
Syracuse, N. Y., steel forging and manv- 
facturing concern, which furnishes drop 
and upset forgings to several industries. 


5S 


I. Schumann & Co., Cleveland, smelters 
and refiners, have purchased a large tract 
of land with rail and water haul at Cleve- 
land and will construct a new $200,000 
plant. 


The Glenn L. Martin Co. will build a 
$1,500,000 plant at Baltimore for the man- 
ufacture of its new elastic plastic, Marvinol 
resin. 


The Davis Boring Tool Dww., Larkin 
Packer Co., Inc., St. Louis, has been ac- 
quired by the Giddings & Lewis Machine 
Tool Co., Fond du Lac, Wis. 


New general headquarters of the Gebn- 
rich Oven Div., W. S. Rockwell Co., have 
been established at 200 Eliot St., Fairfield, 
Conn., having been moved from Brooklyn, 
N. Y. 


American Brake Shoe Co. has bought 
Joliette Steel, Ltd., one of the largest pro- 
ducers of manganese and alloy steel castings 
in Canada. 


Briefs on Associations, 
Promotions and Education 


The annual meeting of the American So- 
ciety for Testing Materials will be held at 
the Hotel Statler, Buffalo, June 24-28 
There will be 15 to 20 technical sessior 
many meetings of technical committees, at 
exhibit of testing apparatus and relat 
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lum Hydr;,J 
| "Wdride Descaling Process 


AFTER TREATMENT 


New Du Pont Sodium process, available to all, descales metals 
quickly, uniformly, without loss of base metal! 


UNIFORM DESCALING is the 
keynote of the new Du Pont 
Sodium Hydride Process! 
Tested and proved in use by 
major producers, this process 
can be used to remove oxide 
scale quickly from all metals, 
alloys. and composites unaf- 
fected by fused caustic at 
700° F. The sodium hydride 


bath is easy to operate, and its 
descaling action penetrates 
deep recesses and hard-to-get- 
at places. Its reducing action 
ceases as soon as all scale is re- 


CLIP COUPON BELOW FOR YOUR FREE COPY of our new illustrated 
book, “‘Du Pont Sodium Hydride Descaling Process.’’ Packed 
with interesting facts on this new process you'll want to know 
about. E. I. du Pont de Nemours & Co. (Inc), Electrochem- 
icals Department, Wilmington 98, Delaware. 





DU PONT 
CHEMICALS and PROCESSES 
for METAL TREATING 


| Ol] DONT \) BETTER THINGS FOR BETTER LIVING 
WY FU . « THROUGH CHEMISTRY 


Ee 
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moved. Thus there is no loss of 
base metal, no necessity for re- 
treats. Treatment can be car- 
ried out on finished articles or 
during fabrication. 
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“A MERICAN” 
HIGH SPEED 
FURNACES 
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Model HB1218 High Speed Furnace 


For simplified heat treatment 


of high speed steels use 
“AMERICAN” atmosphere control. 


American 


Electric Furnace Company 


29 Von Hillern St., Boston, Mass., U.S.A. 


Industrial Furnaces for All Purposes 














equipment, and the annual photographic 
exhibit. The Society of Experimenta] Stress 
Analysis joins A.S.T.M. in a symposium on 
testing parts and assemblies. 


At the annual meeting of the Forging 
Manufacturers’ Assn. in New York jp 
January, R. B. Heppenstall, President, 
Heppenstall Co., Pittsburgh, was clected 
president. W. J. Parker is secretary, and 
headquarters are at 366 Madison Ave., New 
York 17. 


Louis W. Kempf, assistant director of 
research, Aluminum Co. of America, ha; 
been elected chairman of the Institute of 
Metals Div., American Institute of Mining 
& Metallurgical Engineers. The Institute, 
the oldest and largest scientific body in the 
field of nonferrous metals, has 16,000 
members. Mr. Kempf is inventor of many 
aluminum alloys and is author of numer. 
ous articles on aluminum metallurgy. 


The Steel Founders’ Society of America, 
920 Midland Bldg., Cleveland 15, has 
elected E. D. Flinterman of Michigan Stee] 
Casting Co., Detroit, as president. Ray. 
mond L. Collier continues as executive 
secretary. 


The American Gas Assn. conference on 
industrial and commercial gas has changed 
its meeting date to March 29 and 30 a 
the Commodore Perry Hotel, Toledo, Obio. 
Among its topics will be prepared atmos- 
bheres and high-speed direct heating. 


A school of precision casting has been 
established at 136 W. 52nd St., New York 
19, by J. F. Jelenko & Co., Inc. The 
school is licensed by the State of New York 
and is approved for veterans under the 
G. I. Bill of Rights. The course is pri- 
marily a practical shop and laboratory one. 
The complete course requires 168 hr., with 
day or night sessions. 


If men and money are working there is 
neither time nor need for economic med 
dling. That is the gist of a standard 35 
mm. sound-slide film, “Free American 
Way,” put out by Mullins Mfg. Corp., 
Salem, Obio, to show bow American in- 
dustry can meet the challenge of changing 
times. It is available to any group. 


Four metallurgists have been appointed 
assistant professors at the new Institute for 
the Study of Metals at the University of 
Chicago. They are: Joseph E. Burke, Los 
Alamos atomic bomb laboratory; Andrew 
W. Lawson, University of Pennsylvania; 
Norman Nachtrieb, Los Alamos project; 
and Adam Skapski, Polish metallurgist. 


The Resistance Welder Mfgrs. Assn. 
Citizens Bldg., Cleveland 14, offers awards 
of $2000 in 1946 for outstanding papers 
dealing with resistance welding. Five judges 
will be appointed by the American Weld- 
ing Society. Minimum length requirement 
for papers is 2500 words. The contest 
closes July 31, 1946. 


A conference, the first of its kind in the 
Chicago district, was that scheduled fot 
the La Salle hotel, Chicago, March 5 an 
6, called the Midwest Quality Control ¢ 
ference. W. E. Jones, conference chairman, 
calls statistical quality control “the newest 


(Continued on page 888) 


MATERIALS & METHODS 











A Typical Fracture of Jisco Silvery Pig lron Containing 9% Silicon 


JISCO SILVERY PIC IRON 


Is a Blast Furnace Product. 


Is solid Pig Iron with a High Silicon Content. 
gt SILICON Roy, 


Contains No Foreign Matter. 


Is made from Lake Superior Ores. General Andrew Jackson to 
his men, at the beginning 
“ —. 7 aign against 
the Creek Indians. 
; i A “Yes soldiers, the order for 
Is Physically and Chemically Clean “Yqs soldier, the order for 
for victory. In the moment 
of action, coolness and de- 
liberation must be regard- 


ed; your fires made with 
precision and aim. You 

must proceed to the assault 

meatiA with quick and firm step, 


without trepidation or 
alarm.’ 


* 
Qualily Yow C : 
CONSULT OUR METALLURGICAL DEPARTMENT 


THE JACKSON IRON &STEEL Company 


JACKSON, OHIO. 
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EMPIRE STATE BUILDING, 
NEW YORK 1, N.Y. 


PRECISION CASTING 
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Offers New 
and Revolutionary 
Economies in the 
Mass Production of 
Precision Parts 


in non-ferrous metals 
and their alloys; 
gold, silver, etc. 


—oO— 


Casts to micrometer toler- 
ances; eliminates most ma- 
chining; greatly reduces 
finishing. Minimum skill 
required to operate. 
Cuts costs; Reduces rejects 
and scrap loss. Little Space 
required; Easy to install. 


Precision Casting with this All-Electric Melting & Casting Unit 
provides a quick, effective means of getting into production. Permits 
a latitude of part design often impractical by other manufacturing 
methods. Our engineers will gladly advise you where Precision Casting 
can be used to advantage. 

Write for booklet “Precision Casting by Thermotrol.”’ 


THE JELRUS Company — Dept. “C” 


Manufacturers & Suppliers of Precision Casting Equipment 


136 West 52nd Street — New York 19, N. Y. 
Western Office—R. 821 Brockman Bidg., 520 W. 7th St., Los Angeles, Cal. 
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of management's industrial tools for ade. 
quate plant control.” The publicity 
man is Lt. J. L. Shafer, 901 Arsyle g 
Chicago. 


The only film on the wet belt machinin 
method of surfacing, grinding and stoch 
removal is now available from the Porty 
Cable Machine Co., 1714 N. Saling @ 


na 
Syracuse, N. Y. The film is a Cue 
sound, black and white visual presentation 


called “A Machine of the Age.” 





— 
First Grand Plastics Exhibition 


The first exhibition of the plastics 
industry on a national basis will be 
held in Grand Central Palace, New 
York, April 22 to 27 under the 
auspices of the Society of the Plastics 
Industry, 295 Madison Ave., New 
York 17. Some 200 companies, the 
industry’s leading manufacturers of 
raw materials -and machinery, wil! 
participate, and attendance will be 
drawn from all parts of the United 
States and Canada, Latin America 
and Europe. 

Concurrently with the exposition 
the Society will hold a convention at 
which leading authorities will tell 
latest advances in plastics technology 
and application. A special housing 
bureau will facilitate securing of ac- 
commodations for visitors. 

The general public will be ad- 
mitted to the exposition only during 
the last three days of the showing 
Presented will be the basic plastic 
materials, the machinery that fash- 
ions them, methods and services for 
doing it—and the ultimate products 
themselves. 











News of Engineers 


Dr. Raymond G. Spencer, chairman, 
Metals & Minerals Research Div., Armour 
Research Foundation, Chicago, has become 
director of the Washington University 
Foundation, St. Louis. He will assist indus- 
tries in research and development. He is 
a member of several technical societies. 


Fred P. Peters, editor-in-chief of MATE- 
RIALS & METHODS, has also been appointed 
Associate Publishing Director of Reinhold 
Publishing Corporation’s Book Division. In 
this capacity he will assist in expanding 
the company’s book-publishing activities, 
especially in the metallurgical, metalwork- 
ing and materials engineering fields. 


Dr. D. S. Eppelsheimer has been ap- 
pointed sales manager and chief physical 
metallurgist of Metal Hydrides, Inc., Bev- 
erly, Mass. He was formerly in charge 0! 
a research project at the University of New 
Hampshire. 


Kenneth M. Downes, formerly supervisot 
of process inspection at Remington Arms 
Co., Bridgeport, Conn., is now materials 
engineer, Office of the Chief of Ordnance, 


(Continued on page 892) 
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in hunting information 
before you can select and buy? 


METAL INDUSTRIES CATALOG 
cuts “buying-time” 


Fully detailed catalogs of more than 200 manufac- 
turers supplying the Metal working industry come to 
you within the covers of METAL INDUSTRIES CATALOG. 


Three indexes — conveniently arranged by manufac- 
turer, by trade name, and by product—, bring you 


speedily to the source of desired information. 


Selection can then be made with full knowledge of 


product purposes, dimensions, characteristics. 


You get full benefit from METAL INDUSTRIES CATALOG 


when you use it daily. 


Chemical Engineering Catalog 
Materials & Methods 

Progressive Architecture-Pencil Points 
Advertising Managers of 

American Chemical Society Publications 


f / HT H [] / ] Siblishing orporalion 
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9 FIRST AIDS 


IN PRECISION CASTING 


The prime cause of a lack of dimensional accuracy and high 
surface smoothness in Precision Casting is imperfect wax patterns. 
Realizing this, The Jelrus Company has developed two pattern- 
making aids which are scientifically formulated to eliminate this 


trouble at the source. They are: 


JELRUS METAL MOLD 
LUBRICANT 
SPREADS THIN 
A very light, very thin lubricant for metal 
molds which quickly and _ effectively 
breaks down any adhesion between metal 
mold and wax. Spreads into such a micro- 
scopically thin, and smooth, film that the 
dimensional accuracy and surface smooth- 
ness of the pattern are not affected. 
Apply very sparingly with a brush. 
Non-Irritating. 
1 qt. $3.50; 1 gal. $10.00. 


JELRUS METAL MOLD 
WAX 
STRONG — STABLE 


High Strength — easy removal from mold 
without distortion. Minimum Shrinkage — 
dimension accuracy. Wide Melting Range 
= rapid and complete filling of mold. 
Low Melting Temperature avoids distort- 
ing low fusing metai molds. 


Wax patterns stored for future use won't 
become brittle. 


Leaves no residue on burnout. 
NO MODIFIERS NEEDED! 


1-25 Ibs. $1.40 per Ib. Write for quantity 
rates. 


Try These Jelrus “First Aids” for Precision Castings — 
They Put Real Precision in Your Precision Castings! 


The JELRUS Company 


Manufacturers & Suppliers of Precision Casting Equipment 
136 West 52nd Street— New York 19, WN. Y. 
Western Office — R. 821 Breekman Bidg., 520 W. Tth St., Los Angeles, Cal. 
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“Falla Brand” Alloys 
“FALLS” NO. 11 ALLOY 


makes 


High Electrical Conductivity Copper Castings 


The manufacturing of high electrical conductivity cast- 
ings is no longer restricted to a highly specialized group of 


foundries. 


It is now open to all foundries. There are no secret arts 


or formulae. 


“FALLS” NO. 11 ALLOY: 


—degasifies and deoxidizes the copper. 
—protects the molten copper from reoxidation up to 
and during the pouring operation. 


DENSITY. SOLIDITY. and HIGH ELECTRICAL 
CONDUCTIVITY CASTINGS. 
Write for complete details. 


NIAGARA 


FALLS SMELTING 


& REFINING CORPORATION 


America’s Largest Producers of Alloys 


BUFFALO 17, 


NEW YORK 














War Department, Washington, D.C, ,. 
cializing in specifications for ferrous and 
nonferrous metals and alloys. 


Clifford E. Horner has joined ). F 
Jelenko & Co., New York, as metallurgig 
and head of the research department, the 
company making dental gold alloys used 
for casting and soldering. He has bee 
with the R. C. A.-Victor Div. at Harrison 
N. J. for nine years as a metallurgist jr 
radio tube manufacturing. 


Sterling T. Boyd has been made plan 
metallurgist, Colonial Steel Div., Vanadium. 
Alloys Steel Co., Monaca, Pa., Previously 
having been chief inspector. 


Joseph Mazia, formerly head of the Pro. 
tective Finishes Section, Ordnance Research 
Laboratory, Frankford Arsenal, has become 
metallurgist in the Metal Surface Treat. 
ment Div., American Chemical Paint Co, 
Ambler, Pa. 


Thomas M. La Crone, for ten years 4 
metallurgical specialist with General Mo. 
tors, has been made supervisor of research 
and the experimental laboratory of the 
Lithium Co., Newark 4, N. J., maker of 
atmosphere furnaces. 


Dr. Arthur H. Grobe, formerly with 
the metals research laboratory, Carnegie In- 
stitute of Technology, is now chief research 
metallurgist, Vanadium-Alloys Steel Co., 
Latrobe, Pa. 


G. D. Moomaw has been made general 
manager of the Rustless Iron & Steel Diy. 
American Rolling Mill Co. Prior to join- 
ing Rustless in 1939 he was with the 
Crucible Steel Co. 


Gustaf A. Ostrom has become chief te- 
search engineer with Alloy Rods Co., York, 
Pa. Previous experience has been with 
Foote Mineral Co. and Arcos Corp. 


Lt.-Col. Charles H. Greenall, director of 
research at Frankford Arsenal, becomes ex- 
ecutive director of the Franklin Institute 
Laboratories, Philadelphia, on April 1. He 
is a mechanical engineer, specializing in 
materials development and was once in 
charge of metallic materials at the Bell 
Telephone Laboratories. 


Fred J. Tobias has joined Advance Pres- 
sure Castings, Inc., Brooklyn 22, N. Y., 
to take charge of production and metal- 
lurgy. He has written several papers and 
books, largely on die castings, has lectured 
extensively before technical societies, and 
belongs to several technical societies. He 
was born in Czechoslovakia and educated 
in Austria, Moravia and at Yale Univer- 
sity. 


John M. Guthrie has become technical 
director of the Fidelity Chemical Products 
Corp., Newark 4, N. J., maker of cleaning 
compounds, stripping compounds and de- 
tergents. For the past twelve years he has 
done research and development for Alumi- 
num Co. of America and Bell Telephone 
Laboratories. 


J. W. Wheeler, formerly manager, Rolls- 
Royce permanent mold foundries in Eng- 
land and advisor to the Reynolds Metals 
Co.'s casting division, has opened offices 
the Worthington Bldg., Springfield, Mass., 
as a permanent mold consultant. 


(Continued on page 896) 
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Aluminum bronze 
has these advantages: 


7 it is lighter and stronger than 


other bronzes. 


J \t is lower-priced than other 


bronzes. 


7 it has higher fatigue and im- 


pact values. 


7f it has higher compressive 
strength. 


7 \t has higher strength at ele- 
vated and sub-zero tempera- 


tures, 


7 it contains only native metals 


—copper, aluminum and iron. 


7 it is a good bearing alloy. 
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... resisting shock, impact, corrosion, squashing out, 
and peening—under severe operating conditions 


Ampco Metal is an alloy of the alu- 
minum bronze class — a high-iron, 
aluminum, and copper alloy, charac- 
terized by great strength, controlled 
hardness, corrosion resistance, and 
excellent bearing properties. It has 
outstanding wear-resistance, is non- 
magnetic, non-sparking, and lasts 
several times as long as other bronzes. 
Ampco Metal can be pro- 
duced by centrifugal or sand 
casting, extruding and forg- 





Name... 
Position... 
Company 
Address... 


City gretieetons snacipialipabiindies 





The Metal without an Equal 


ing... and is unvarying in physical 
properties and chemical content. 

If your product calls for parts that 
must have these qualities, remem- 
ber Ampco Metal — the aluminum 
bronze alloy that gives you superior 
design advantages. Six standard 
grades and several modifications are 
available. Ampco engineers are 
ready to help you at all 
times, Call nearest Ampco 
office. Write for bulletins. 


AD-20 
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. Ame. AMPCO METAL,INC., Dept. MA-3, Milwaukee 4, Wisconsin 
[ eooet Please send me bulletin on quality features of Ampco Aluminum Bronze. 
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BOSSERT for Stampings! 








LARGE AND Bossert maintains a staff of skilled engineers 
SMALL and designers and has solved many problems 
ss for its customers over the past thirty years. 
it has served the leading concerns in such 
HEAVY AND industries as the automotive, refrigerator, elec- 
LIGHT METAL tric washing and drying machines, electric 
STAMPINGS power equipment, oil burning furnaces, water 
a heater, tractor, concrete mixer, garment press- 
ing machine, radio, rayon yarn, business 
DEEP machine, industrial filters, domestic sinks, 
DRAWING railway supplies, gasoline curb pumps, air- 
. planes, fire extinguisher, dairy, automotive 
WELDING accessories, and many others. 
Our capacity for deep drawing is 54” diame- 
ter x 18” deep, or 39” x 72” x 12”, in all 
metals, and up to 7/16” gauge. OVER 200,000 
SQUARE FEET OF FLOOR SPACE! 








THE BOSSERT COMPANY, INC. 
UTICA, NEW YORK 


Established 1896 


NEW YORK CITY DETROIT 
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CASTING EQUIPMENT — 


AND SUPPLIES 


For Complete Installations 
Lost Wax—Investment Molding Process 


CENTRIFUGAL CASTING MACHINES 
METAL MOLD EQUIPMENT 
WAX INJECTION MACHINES 
VACUUM PUMP UNITS 
WAX ELIMINATOR OVENS 
FURNACES — GAS FIRED & INDUCTION 
INVESTMENTS — WAXES — CRUCIBLES 
AND ALL RELATED SUPPLIES 














— ALEXANDER SAUNDERS & C0.— 


Successor to J. Goebel & Co. — Est. 1865 
95 BEDFORD ST., NEW YORK CITY 14 










Myron B. Diggin, chief chemist, Hanson. 
Van Winkle-Munning Co., Matawan, N. J 
has been appointed director of a projec a 
investigate the effect of polishing nop. 
ferrous metals on the protective yaiye of 
electroplated coatings on them. 





E. B. Pool, for ten years a mec! anical 
and experimental engineer with Chrysje, 
Corp., will conduct a new type o! valve 
research work for Edward Valves, Inc., E 
Chicago, Ind. He will specialize in stres, 
and strain experiments. During the war }. 
headed the physical testing laboratories an¢ 
material and process standards a: the 
Dodge-Chicago plant. 


House Organ Notes 


Grits and Grinds, Norton Co., Vol. 36, 
No. 11 


Death Valley, a desolate sandy plain in 
California, close to the border of Nevada, 
is 150 miles long and 35 miles wide. The 
plain is 210 ft. below sea level and is 
destitute of vegetation except for cacti and 
greasewood. Summer heat rises to 130 F, 
and on the adjoining mountains in winter 
30 below is reached. The only animal life 
is an occasional crow, buzzard, horned toad, 
jackrabbit and rattlesnake. Here prospectors 
first found the basic mineral for making 
the hardest material ever produced by man 
—‘Norbide,” or Norton boron carbide. The 
very purest quality of boric acid is now 
taken from Searles Lake near the edge of 
Death Valley, a lake so loaded with crys- 
talline solids that it has a crust as strong as 
a layer of ice. Water is removed from the 
boric acid crystal which changes it to a 
hard glass. This is only the beginning of 
an interesting process. 


Midvale Safety Bulletin, Midvale Co., De- 
cember, 1945 


Midvale’s new 2,000,000-volt X-ray will 
radiograph defects in a lightly alloyed jet 
propulsion rotor forging 7%-in. thick in 
only 1 min. When Roentgen, discoverer 
of the X-ray, tried to make an X-ray pic- 
ture of his wife’s hand in 1895, he used a 
tube energized by 20,000 volts and it re- 
quired 30 min. exposure to affect the pho- 
tographic plate. The radiation from Mid- 
vale’s new machine is 15 times as intense 
as that of present day X-ray tubes used in 
destruction of cancer. It is equal in radia- 
tive power to $200,000,000 worth ol 
radium, about 6 times the entire available 
supply in the world. 


Toledo System, Toledo Scale Co., January, 
1946 


The U. S. has no standard pound or foot. 
Our measurements of weights and length 
are based on the standard kilogram and the 
standard meter of the metric system, These 
standards, made of platinum and iridium, 
are kept buried by the U. S. Bureau o! 
Standards in a thermostatically controlled 
sealed vault. The foot and pound are 
mathematically calculated from the metric 


(Continued on page 900) 
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tT is for good reasons that equip- 
| ment manufacturers — whether 
they make chemical apparatus, food 
plant equipment, textile machinery, 
trains, planes or household appli- 
ances — always emphasize the fact 
when their product is built with 
Stainless Steel. 

They use Stainless because it does 
a better job. And they tell the public 
so, because to the industrial pur- 
chaser, as well as to the man on the 
street, “Made of Stainless Steel,” 
like the sterling mark on silver has 
come to signify tops in quality. 

Stainless Steel means practical 
immunity to corrosion, stain or tar- 
nish. It- means easy cleaning. It 
means high resistance to heat, to 
wear and abrasion—superior strength 
and toughness that assures long life 
under hard usage. It stands for eye- 
catching beauty that will not fade, 
inherent goodness that will not wear 
off. 

Everyone knows that despite war- 





stimulates jaroduct acceptance 
/ 


time shortages, Stainless Steel was 
assigned ever increasing numbers of 
the tough jobs of the war. Why? 
Simply because Stainless would 
stand up much longer than the ma- 
terials it displaced. Here is another 
good reason why Stainless Steel is 
today so generally accepted by equip- 
ment users as preferred construc- 
tion. 

For whatever purpose you plan to 
use Stainless Steel — whether to in- 
sure superior mechanical perfor- 


U-S‘S STAINLESS STEEL 





SHEETS - STRIP - PLATES - BARS - BILLETS 


- PIPE - TUBES - WIRE - SPECIAL SECTIONS 





AMERICAN STEEL & WIRE COMPANY, Cleveland, Chicago and New York 
CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 
COLUMBIA STEEL COMPANY, San Francisco 
NATIONAL TUBE COMPANY, Pittsburgh 
TENNESSEE COAL, IRON & RAILROAD COMPANY, Birmingham 
United States Steel] Supply Company, Chicago, Warehouse Distributors 
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United States Steel Export Company, New York 


mance, greater endurance or per- 
manent beauty — you can obtain 
these qualities at their best in U-S-S 
Stainless Steel. This service-tested, 
perfected Stainless is available not 
only in many different analyses to 
cover practically every application 
and fabricating requirement but is 
produced in the most complete range 
of forms, sizes and finishes obtainable 
anywhere. Our stainless steel special- 
ists will gladly go into the economics 
of its application with you. 


EVERY SUNDAY EVENING, United States 
Steel presents The Theatre Guild on the 
Air. American Broadcasting Company coast- 
to-coast network. Consult your newspaper 
for time and station. 
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JOSEPH ROBINSON 


Development Engineer 


PRECISION CASTING SERVICE— 


Technique Recommendations 
Production Sources and Facilities 
Patent Engineering and Analysis 
Design Liberations 


Consultant to the U. S. Department of Commerce 
on Precision Casting techniques and facilities. 


Represented U. S. Army and American Industry in 
investigating German industrial methods for pre- 
cision casting. Formerly Head Engineer, Industrial 
Processes and Products, Office of Production 
Research and Development, War Production Board. 
Former member Advisory Committee on Precision 
Casting, War Metallurgy Committee. 


1907 PARK AVENUE, NEW YORK 35, N.Y.,U.S.A. 
Telephone LEhigh 4-1456 











New smooth satin alloy 
finish—resistant to corro- 
sion and rust—acts as 
lubricant reducing tool 
wear. Withstands 700° 
Fahrenheit. Highest ten- 
sile without disrupting 
physicals. Here’s a major 
development — a better 
coating than tin, and no 
restrictions. Sizes .003” 
to .080”. 


JOHNSON STEEL & WIRE CO.INC. 
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WORCESTER 1, MASSACHUSETTS 
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standards. An international confe; 
Sevres, France, 50 years ago set the ; 
metric measurements for the world. Several 
times our platinum and iridium standar4, 
have been taken to France to see if they 
have changed—but change has been neg. 
ligible. 
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Chrysler Tonic, Chrysler Div., Jan, 2) 
1946 , 


An interesting 1904 Maxwell car is op 
display in the automobile show room of 
Vaughn J. Snively in Baltimore. | ; 
powered by a 2-cylinder engine that cap 
still propel it at 18 m.p-h. It is frequently 
used in parades and has a large fan public 
Vaughn has been offered $1500 cash for i; 
—but scorns such offers with a sneer. This 
is undoubtedly one of the oldest cars in the 
country still in good operating condition. 


The Aluminator, Lafayette Works, Alum. 
num Co. of America, Feb. 1, 1946 


The tube mill recently shipped 13,600 
lb. of aluminum tubing that will go into 
the manufacture of the much-publicized 
Reynolds International fountain pen that 
writes for two years with one filling of ink. 


The Pegasus, Fairchild Engine & Airplane 
Corp., February, 1946 


In no place is competition of war mate. 
rials in post-war adaptations more keen 
than in the manufacture of rowboats and 
canoes. Descriptions have already been 
made of small boats of aluminum, magne- 
sium and laminated plastics. Plywood is a 
fourth interesting material. The Duramold 
Co. at Jamestown, N. Y., has turned out a 
12-ft. utility cartop boat, 48 in. wide from 
gunwale to gunwale. With buoyancy over 
1200 Ib., it leaves 6 to 8 in. of freeboard, 
with 6 persons aboard, the boat weight 
being 68 lb. Conventional boats that size 
weigh 112 to 200 lb. The plywood boat 
is skin-stressed, eliminating necessity for 
heavy ribs. The seats follow bridge-building 
principles, supporting beams being thickest 
at the center where loads are greatest. The 
shell is of molded veneers, instead of bent 
plywood and plank type construction in 
conventional designs. The thermosetting 
phenolic resin finish is very efficient. It 
withstands 7 hr. of boiling against 15 min 
for conventional spar varnish. 


Aluminum News-Letter, Aluminum Co. of 
America, January, 1946 


Thirteen aluminum spandrels_ which 
were destroyed last July 28 when an Army 
bomber crashed into New York’s Empire 
State Building have been replaced by new 
castings made in the Cleveland works of 
Aluminum Co. of America. The same 
Alcoa foundrymen had cast the 5,704 orig- 
inal spandrels installed on the skyscraper 
when it first was opened in 1931. Although 
the damaged spandrels had taken severe 
punishment under the terrific impact of 
the crash, it was possible to weld together 
pieces of one of the broken spandrels to 
serve as a guide in making the pattern for 
inc new castings. Examination of the shat- 
tered spandrels showed their finish and 
soundness to be in excellent condition after 
almost 15 years of exposure to the elements 
The original 5,704 aluminum spandrels, 


(Continued on page 904) 
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nate. Our inventories of Industrial Equipment 

keen include practically every type and makc 

hal needed to meet industry’s reconversion | 

gne- needs! A large percentage of this equipment | 

iS a HEAT TREATING FURNACES is new, or little used—and every item is | 

hold Disposal lus heat-treati ti very size . . 

os and type for ‘ferrous and non-ferrous applications, such as: priced low for quick recovery. } 
ormalizing, ing, t ing, » ardening, ; ; 

of normaliing, exneeling, tempering, hardening, cose hardening, Get in touch with the RFC Agency Office : 

ver pit, om eth. Comtineens oye portale _~ oe aa de- nearest you and outline your needs. Act F 

C i " ; , electricit and iow frequency). . . ° 

- a a ai - quickly—this equipment must be sold at | 
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Oat Government-owned surplus tools of every description being 
: War Assets Corporation to dispose of this surplus popety 
in quickly and effectively. Toward that end we ask you to follow | CHECK THIS LIST FOR THE EQUIPMENT YOU NEED 
The 1. Submit in writing your requirements for machine tools and | Check the typesof equipment on which you desire further and con- I 
om industrial equipment to us now. tinuing information. Mail the coupon to your nearest RFC office | 
we 2. Send a typewritten list to your nearest office listed below. listed below. Your name will be placed on our regular mailing list. 
in 3. Make your descriptions brief, one line if possible, clearly | 4 
ing grouping various types of equipment you need. | C] Heat-treating furnaces (for all () Thermal dryers-dehydrators 
i purposes) : 
t re te: l a - 
A —CENTRIFUGAL PUMPS | Gantry type cranes Saaaagmatva) 
|= : " 
. = C) Extrusion Presses (C Baling presses | 
Available at most agencies [] Electric and Pneumatic tools (C) Electric copper cable | 
of ertiegaes A gal to 6", com- C) Centrifugal and rotary pumps (C) Anti-friction bearings 
pte wi pera ennpaty nes | C] Welding equipment (] Bonded and coated abrasives S| 
usually electric motor : ; : ls | 
ich driven. | (C] Chemical equipment () Cutting too: | 
may RRP ee ee ae | 
ure | | 
oe Wieten ain MUEMAS.. 2. . a ee ees oe eee | 
rite, wire or phone your requests to the nearest RFC agency listed | | 
of below for more detailed information. Credit terms may be arranged. COMPANY 
me If your local office does not have all the equipment you need, it will | To-8 $s CMe Oe ess eee Re KOS Aree E> Ee © © 6 94 | 
ig- endeavor to locate it from other offices throughout the country. tp UO... er a ce se | | 


VETERANS: To help you in purchasing surplus property from War 
Assets Corporation, a veterans’ unit has been established in each of |_ 


‘WAR ASSETS CORPORATION | 


(A SUBSIDIARY OF RECONSTRUCTION FINANCE CORPORATION) 


RFC OFFICES (INCLUDING FORMER DEPARTMENT OF COMMERCE REGIONAL SURPLUS PROPERTY OFFICES) LOCATED AT: Atlanta 
Boston « Chicago « Denver « Kansas City, Mo. « New York « Philadelphia « San Francisco « Seattle « OTHER RFC SURPLUS 
PROPERTY OFFICES LOCATED AT: Birmingham « Charlotte « Cleveland « Dallas « Detroit « Helena « Houston « Jacksonville 
Little Rock « Los Angeles « Louisville « Minneapolis « Nashville « New Orleans « Okiahoma City « Omaha « Portland, Ore. 
Richmond « St. Louis « Salt Lake City « San Antonio « Spokane « OTHER FORMER DEPARTMENT OF COMMERCE REGIONAL 
SURPLUS PROPERTY OFFICES LOCATED AT: Cincinnati and Forth Worth 
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COLD 


Brickseal becomes flint 
herd as it cools — 
protects walls from 
damage. 


PPLIED LIKE PAINT—Brickseal, a com- 

bination of high fusion clays and 
metal oxides, protects refractories .. . 
preserves brickwork . . . prevents crack- 
ing, spalling and flame abrasion. 

When heated, Brickseal deeply pene- 
trates the pores and joints of the bricks 
and forms a highly glazed ceramic coating 
for refractory walls. 

Brickseal is also used as a bonding 
material; it produces a tight brick-to-brick 
joint and welds the wall into one solid 
unit. Write for illustrated booklet; ask 
for a demonstration. 

Brickseal is semi-plas- 
tic when hot allowing 


it to expand and con- 
tract with the furnace 
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which greatly reduce the dead weight that 
the building’s framework would have to 
bear if heavier metals had been used, 
utilized 615,000 Ib. of aluminum. Appli- 
cations of aluminum in the Empire State 
Building, in addition to the spandrels, in- 
clude a dirigible mooring mast covering, 
wing ornaments and windows, storefronts, 
entrances, doors, exterior and interior trim, 
radiator grilles, and elevator cab trim. 


Bakelite Review, Bakelite Corp., January, 
1946 


The extensive studies of the National 
Bureau of Standards on steel pipes; coated 
with all sorts of clears, enamelled, hot melts 
and wrapped coatings, and buried in various 
types of corrosive soils for 4 to 6 years, 
showed that phenolic resin baking coatings 
were practically unaffected, even to retain- 
ing high gloss after cleaning. 





Meetings and Expositions 


AMERICAN GAS ASSOCIATION, in- 
dustrial and commercial gas con- 
ference. Toledo, Ohio. March 
29-30, 1946. 

AMERICAN SOCIETY OF MECHANI- 
CAL ENGINEERS, spring meeting. 
Chattanooga, April 1-3, 
1946. 

SOCIETY OF AUTOMOTIVE ENGI- 
NEERS, spring meeting. New York, 
N. Y. April 3-5, 1946. 

AMERICAN CHEMICAL SOCIETY, 
spring meeting. Atlantic City, N. J. 
April 8-12, 1946. 

AMERICAN SOCIETY OF TOOL EN- 
GINEERS, annual meeting and ex- 
position. Cleveland, Ohio. April 
8-12, 1946. 

MACHINE TOOL FORUM, annual 
meeting, Westinghouse Electric 
Corp. Pittsburgh, Pa. April 9-10, 
1946. 

ELECTROCHEMICAL SOCIETY, spring 
meeting. Birmingham, Ala. April 
10-13, 1946. 

NATIONAL PLASTICS EXPOSITION. 
New York, N. Y. April 22-27, 
1946. 

OPEN HEARTH STEEL AND BLAST 
FURNACE & RAW MATERIALS 
CONFERENCE, annual meeting. 
Chicago, Ill. April 24-26, 1946. 

AMERICAN CERAMIC SOCIETY, an- 
nual meeting. Buffalo, N. Y. 
April 28-May 1, 1946. 

AMERICAN FOUNDRYMAN’S ASSOCI- 
ATION, annual meeting. Cleveland, 
Ohio. May 6-10, 1946. 

NATIONAL MARINE EXPOSITION. 
New York, N. Y. May 20-25, 
1946. 

AMERICAN IRON & STEEL INSTI- 
TUTE, general meeting. New York, 
N. Y. May 23, 1946. 
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RODINE inhibited acid baths re- 
move scale without dissolving clean 
metal—less acid is consumed. A 
better finished surface is produced. 

Our Technical Department will 
gladly assist in adapting ACP Prod- 
ucts and Processes to your manufac- 


turing requirements. Address Dept 


G-3. 


TN (TOTS 
American Chemical Paint Co. 
AMBLER] | | L5 J r— PENNA 
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Magnesium: Grain Size and Porosity 


Until recently the only method 
commercially available for insuring 
fine grain size in castings of many 
magnesium alloys was to superheat 
the melt several hundred degrees F, 
cool to casting temperature and pour 
promptly. Soon it will be standard 
practice to add certain carbonaceous 
materials to the melt at ordinary 


temperatures, a much easier and 
cheaper process. A porosity problem 
in magnesium alloy castings is being 
solved. Remember how organic seal- 
ing compounds were being used, such 
as tung oils, linseed oils, alkyd resins, 
etc? Throw these out the window. 
Fluxing the molten metal with chlor- 
ine will reduce the concentration of 
hydrogen which made the porosity 


during the solidification of the metal. 


Aluminum Foil 


Since prices of pig lead seem headed 
upward while aluminum prices are 
stable and may even decline, the pros- 
pects are for aluminum foil to sup- 
plant lead foil. A pound of aluminum 
naturally makes more foil than the 
equivalent weight of lead. New ways 
of making aluminum foil better and 
more cheaply have developed. The 
aluminum price is stable at 12c per 
lb. while American lead is 6\4c as 
against a world price of 7c or more. 


Plastic Automobile Bodies 


One hears much about coming 
plastic and Fiberglas bodies for auto 
mobiles. Watch for fast develop 


ments. One such material is “Cono 
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lon,” made by impregnating cellulose 
or Fiberglas fibers with a combined 
thermoplastic and thermosetting res- 
in. It costs $1.58 to $3.93 per sq. yd. 
This low pressure plastic laminate 
has greater strength, yet less weight, 
than aluminum alloys. It will be used 
in a California-made automobile, with 
2-cylinder aircraft engine, fluid-drive 
coupling, independent wheel suspen 
sion and no-shift gears 
under $600. 


all selling at 


Melting and Casting Aluminum 


Expect hereafter larger open-hearth 
furnaces, up to 70,000 lb. of molten 
metal, for melting aluminum alloys 
instead of the 20,000-Ib. jobs of pre- 
war. As satisfactory metal can be 
produced at high melting rates as at 
low. Coal will be more widely used 
Low fre- 

melting 
used in Europe will become prevalent 
here. Zircon refractories are not wet 
by molten aluminum and will be 
popular. Good ways have been found 
for removing magnesium from alu- 
minum scrap. Spectrography now 
better than ever allows for adjustment 
of composition in the molten con- 
dition. 


as fuel in place of coke. 


quency electric induction 


Photo-Lofting 


Why bother to laboriously ,dupli- 
cate hand drawings for this and that 
when you can impinge the wanted 
pattern on an object by photo-loft 
ing? Tool manufacturing already uses 
widely photo templates and several 
prints of each drawing are made. In 


spectors use photo-lofts for chec king 
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parts and assemblies, placing the de- 
tail part directly on the metal for 
comparison. Hundreds of assembly 
fixtures have been built directly on 
Masonite die stock sheets impreg- 
nated with the sensitizing emulsion 
and photo-printed. A huge 10-ton 
camera is used as a camera for copy- 
ing and a projector for printing en- 
largements. Soon most any manufac- 


turing business will be using photo- 
lofting. There will be jobbers who 


cater to small concerns that can’t af- 


ford the large camera. 


Instrument 


panels, name plates, billboards—even 
neckties are a few possibilities. Tool 
engineers call it the most revolution- 
ary development in a generation. 


Ceramics to Coat Heat Appliances 


New heat-resistant ceramics, used 


for military engines, will be used to 
coat automobile exhaust pipes, oil 
and coal burners, and similar every- 


day products. 


Cast Nickel Range Tops 


as 


Where much cooking is done, such 


in restaurants and hotels, range 


tops made of plain ‘cast iron soon 
warp or sag, making an uneven heat- 
ing surface, or fail completely by 


cracking. 


Some of the materials- 


conscious popular eating place pro- 
prietors are replacing such surfaces 
with cast nickel alloys, containing 
copper and chromium, which resist 


scaling, distortion and thermal shoc k 


Perhaps the fussy diner will here 


after ask upon entering a strange 
eating place: “Do you have a nickel 
copper-chromium range top?’ 


MATERIALS & METHODS 


